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OUTLINE  6P*  THEORY  OF  IMPULSE  CURRENTS 


BY  CHARLES  P.  3TL:?NMETZ 


Abstract  of  Paper 


In  Part  I  it  is  shown  how,  from  the  integral  of  the  genf:ral 
differential  equation  of  the  electric  circuit,  which  has  been'dii-' 
cussed  in  a  previous  paper,  all  the  types  of  electric  current?  ace 
derived  as  special  cases,  corresponding  to  particular  values  of  the 
integration  constants. 

The  equations  of  the  circuits  with  massed  constants,  that 
is,  the  usual  electric  circuits,  are  derived  by  substituting  zero 
for  the  (electrical)  length  of  the  circuit. 

Besides  the  general  transients,  discussed  in  a  previous 
paper,  three  main  classes  of  currents  are  shown  to  exist, 
corresponding  to  different  values  of  the  time  exponent  b: 

The  alternating  currents,  corresponding  to  b  =  imaginary, 
which  are  the  useful  currents  of  our  electric  circuits. 

The  impulse  currents,  corresponding  to  real  values  of  b, 
which  may  be  called  harmful  currents  of  our  electric  circuits. 

And,  as  limit  case,  for  6=0,  the  continuous-current  circuit 
with  distributed  constants. 

The  last  case,  a  continuous  current  in  a  circuit  with  dis- 
tributed resistance  and  leakage,  is  discussed,  and  it  is  shown 
that  such  continuous-current  circuit  has  many  features  which  are 
usually  considered  as  typical  of  alternating-current  wave  trans- 
mission. It  consists  of  a  main  current  and  a  return  current; 
complete  reflection  occurs  at  the  end  of  the  circuit;  partial 
reflection  at  a  transition  point;  a  surge  resistance  e.\ists,  which, 
connected  to  the  circuit,  passes  the  current  without  reflection. 
In  Part  II  an  outline  of  the  theory  of  impulse  currents  is 
given.  They  comprise  two  classes,  the  non-periodic  and  the 
periodic  impulse  currents.  The  equations  of  both  are  given 
in  different  form,  by  exponential  and  by  hyperbolic  or  trigono- 
metric functions.     Their  characteristics  are: 

Impulse  current  and  voltage  may  be  resolved  into  a  main 
wave  and  a  return  wave.  The  return  wave  is  displaced  from  the 
main  wave  in  time  and  in  position.  A  time  displacement  exists 
between  the  two  current  waves  and  their  corresponding  voltage 
waves.  This  time  displacement  may  be  a  lag  of  the  current  be- 
hind the  voltage,  or  a  lead,  depending  on  the  circuit  constants. 
In  the  periodic  impulse  currents,  the  displacement  between  main 
wave  and  return  wave  is  represented  by  a  position  angle,  and 
the  two  current  waves  are  in  quadrature  in  position,  to  their 
respective  voltage  waves. 

A  few  special  cases  are  discussed. 
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I.     TYPES  OF  CURRENT 
A.     General 

IF  r  =  resistance 

g  =  shunted  conductance 
L  =  inductance 
C  =  capacity 

per  unit  length  of  any  circuit  or  section  of  a  circuit,  then  in  any 
line  element  dl  of  the  circuit,  the  voltage  consumed  is 

d  €  .  .    J    di  ,^ . 

.       ,_=„  +  Z._  (1) 

and -the'  current  consumed  is 


di  .    ^    d  e  .f^\ 

17=''  +  ^  Tt  (2) 


Differentiating  (1)  over  dt,  and  (2)  over  dl,  and  combining 
gives 

W   =LC^+irC  +  ,L)^  +  r,i  (3) 


Integrating, 

i  =  A  i-"  €-»'  (4) 


e  =  -— A  e-^  e-*'  (6) 


=  \/  bL-  r  ^  ^-ai  j.», 
bC-  g 


=   2  t 

where 


=  \/bL-r 
bC-  g 


(6) 
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is  the  surge  impedance  or  natural  impedance  of  the  circuit,  and 
a  and  b  are  related  by  the  equation 

a«  =  b'LC-b  {rC+  gL)  +  rg  (7) 

=  (hL-r){bC-  g) 

The  general  solution  then  is  a  sum  of  such  terms  (4)  and  (6). 
These  equations  must  repres^t  every  existing  electric  cir- 
cuit, and  every  circuit  which  can  be  imagined,  from  the  lightning 
discharge  to  the  house  bell,  and  from  the  alternating-current 
transmission  line  to  the  telephone  circuit,  with  the  only  limita- 
tion, that  f ,  g,  L,  C  are  constant  within  the  range  of  the  currents 
and  voltages  considered. 

The  difference  between  all  electric  circuits  thus  merely  consists 
in  the  difference  of  the  constants  A,  a  and  6,  and  the  difference 
in  the  length  /  of  the  circuit. 

If  /  =  0,  that' is,  the  length  of  the  circuit  is  negligible  compared 
with  the  rate  of  change  of  i  or  e,  (4)  and  (6)  give  the  equations 
of  all  the  circuits  with  massed  constants,  otherwise  we  get  the 
equations  of  the  circuits  with  distributed  constants. 

In  general,  a  and  b  are  general  numbers,  related  to  each  other 
as  in  (7).     Choosing  b  as  the  independent  constant, 
^  =  0  gives  the  continuous  currents. 
b  =  real  gives  the  impulse  currents. 
b  =  imaginary  gives  the  alternating  currents. 
b  =  general  or  complex  imaginary  gives  the  general  transients. 
&  =  0  or  imaginary  thus  gives  the  permanents,  continuous 

current  and  alternating  current. 
b  =  real  or  general  gives  the  transients,  impulse  currents  and 

general  transients. 
Thus,  while  the  continuous  currents  represent  a  limiting  case. 
the  alternating  currents  and  the  impulse  currents  are  two  co- 
ordinate classes  of  currents.  While  the  alternating  currents  are 
the  useful  currents  of  our  electric  systems,  the  impulse  currents 
may  be  said  to  be  the  harmful  currents  in  our  systems,  as  many 
of  the  disturbances  and  troubles  in  electric  systems  are  caused 
by  them. 

The  theory  of  alternating  currents  is  discussed  in  numerous 
publications,  but  little  systematic  study  has  been  made  of  the 
impulse  currents,  and  their  general  theory  thus  will  be  given  in 
the  following,  and  also  that  of  the  limiting  case  of  the  continuous 
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currents  in  a  general  circuit  of  distributed  constants.     The  theory 
of  the  general  transients  has  been  outlined  in  a  previous  paper.  * 

.  B.     Circuits  with  Massed  Constants 
Substituting  in  (4)  and  (6) : 

e  =  0  when  /  =  0 

and  considering  that,  by  equation  (7),  a  can  have  two  values,  for 
every  value  of  6,  +  a  and  —  a,  we  have, 

i  =  A  €-*'  {c-*^  +  c+'^l 

(8) 

a 

Assuming  now  /  as  infinitely  small,  and  substituting 

e'^'^  =  I  ±  al  (9) 

in  (8),  gives,  as  the  general  equation  of  the  circuit  with  massed 
constants, 

i  =  B  €-*' 


e  =  (ro-  bLo)  B  c"*^ 

where 

B  =  2A 

ro  =  /  r  =  total  resistance  of  circuit, 
Lo  =  IL  =  total  inductance  of  circuit. 
Substituting  b  =  0  in  (10),  gives 

i  =  B 

e  =  To  B 


(10) 


(11) 


as  the  equation  of  the  continuous-current  circuit. 

For  b  =  real  (10),  the  equations  of  the  inductive  discharges  are 

i  =  B  €-^' 

e  =  {ro-  bLo)  B  c"*^ 

=  roi  +  Lo-^  (12) 


*A.  I.  E.  E.  Transactions    1908,    page    1231,    and    more   completely 
in  Section  IV  of  "  Transient  Phenomena." 
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Substituting  b  ^  :hj  c  gives  as  the  equation  of  the  alternating- 
current  circuit, 

i  '^  Ci  cos  ci  +  C\  sin  ct 

(13) 
«  =  (r»  Ci  —  c  Lo  Ci)  cos  ct  +  (r©  Cj  +  c/o  Ci)  sin  ct 

where 

(14) 
C^  =  j  (5i  -  50 

C.      Continuous-Current   Circuit   with    Distributed 

Constants 

^>  =0 

From  (7)  we  have 

a  =  ±  Vrg"  (16) 

and  from  (6), 

2  =  =b  A/~  (18) 

substituting  (16)  and  (16)  in  (4)  and  (6)  gives 

i  «  i4ic-'^  +  ^sc+'^^'i  (17) 


«  =  V  L  \Ai  c-'^^'  -  yl2   6+'^"^ 


(18) 


These  equations  do  not  contain  L  and  C,  that  is,  inductance 
and  capacity  have  no  effect  on  the  permanent  continuous-current 
circuit  with  distributed  constants,  but  only  resistance  and  con- 
ductance, that  is,  leakage. 

Equations  (17)  and  (18)  are  the  equations  of  a  direct-current 
circuit  having  distributed  leakage,  such  as  a  metallic  conductor 
submerged  in  water,  or  the  current  flow  in  the  armor  of  a  cable 
laid  in  the  grotmd,  or  the  current  flow  in  the  rail  return  of  the 
direct-current  railway,  etc. 

r  is  the  series  resistance  per  unit  length,  g  the  shunted  or  leak- 
age conductance  per  unit  length  of  circuit. 
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Where  the  leakage  conductance  is  not  uniformly  distributed, 
but  varies,  the  numerical  values  in  (18)  change  wherever  the 
circuit  constants  change,  just  as  would  be  the  case  if  the  resist- 
ance r  of  the  conductor  changed.  If  the  leakage  conductance 
g  is  not  uniformly  distributed,  but  localized  periodically  in  space 
— as  at  the  ties  of  the  railroad  track, — when  dealing  with  a  suffi- 
cient circuit  length,  the  assumption  of  uniformity  would  be 
justified  as  an  approximation. 

(a)  If  the  conductor  is  of  infinite  length — that  is,  of  such  great 
length,  that  the  current  which  reaches  the  end  of  the  conductor, 
is  negligible  compared  with  the  current  entering  the  conductor, 
we  have 

yl,  =  0 


This  gives 


i  =  A  €-'^ 

•(19) 


e  =  A\/ 


g 


or 


e  =  V  -  i  (20) 

g 

that  is,  a  conductor  of  infinite  length  (or  very  great  length)  of 
series  resistance  r  and  shunted  conductance  g,  has  the  effective 

resistances'  =    v  — . 
g 

It  is  interesting  to  note,  that  at  a  change  of  r  or  of  g  the  effect- 
ive resistance  r',  and  thus  the  current  flowing  into  the  conductor 
at  constant  impressed  voltage,  or  the  voltage  consumed  at  con- 
stant current,  changes  much  less  than  r  or  g. 

(b)      If  the  circuit  is  open  at  /  =  /o,  we  have 


Hence,  if 


we  have 


i  =  Ai  6-^«^^«  +  A2  c+^«^''«  =  0 
A  =  Ax  c-^*^^"^  =  -  A2  c+^^^'i 


=    A    V    ~    U+(/o-/)    ^rg 


s 


(21) 
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(c)  If  the  circuit  is  closed  upon  itself  at  /  =  /o,  we  have 

e  =  V—  [Ai  €-^^~i-  A2  e+'-^l  =  0 


Hence,  if 


we  have 


(22) 


If,  in  (22),  /o  =  0,  that  is,  the  circuit  is  closed  at  the  starting 
point,  we  have 

i  =  A  {  c-'^  +  e+^^^l 

e  =  A  V-^  j€-'^^-  c+^^^l 
g 

or,  counting  the  distance  in  opposite  direction,  that  is,  changing 
the  sign  of  I 


(23) 


{d)   If  the  circuit,  at  /  =  /o,  is  closed  by  a  resistance  ro,  we  have 


/=/o 


=  ro 


hence. 


ill  C-''^^-  ^2  €+'•  ^  ^0 


i4,€-*»^^'  +  ^2€+''"^^* 
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or, 


At   € 


-\-k  y/fi 


A,  c 


-/.  ^/f"] 


At   =   >liC-2'«^^* 


£ 


(24) 


t  =  A 


e  =  A\/'-^ 


(26) 


ro  + 


Vi 


These  equations  (23)  and  (26)  can  be  written  in  various  dif- 
ferent forms.  They  are  interesting  in  showing  in  a  direct-current 
circuit,  features  which  usually  are  considered  as  characteristic 
of  alternating  currents,  that  is,  of  wave  motion. 

The  first  term  of  (23)  or  (26)  is  the  out-flowing  or  main  current 
or  voltage,  respectively;  the  second  term  is  the  reflected  one. 

At  the  end  of  the  circuit  with  distributed  constants,  reflection 
occurs  at  the  resistance  tq. 

If  fo  >  V  — ,  the  coefficient  of  the  second  term  is  positive,  and 

partial  reflection  of  current  occurs,  while  the  return  voltage  adds 
itself  to  the  incoming  voltage. 


If  fo  <  V  — ,  reflection  of  voltag« 


e  occurs,  while  the  return 


current  adds  itself  to  the  incoming  current. 

If  ro  =    V  — ,  the  second  term  vanishes,  and  the  equations 

(26)  become  those  of  (19),  of  an  infinitely  long  conductor.     That 
is: 
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A  resistance  ro,  equal  to  the  eflFective  resistance  (surge  imped- 
ance)  V  —  of  a  direct-current  circuit  of  distributed  constants, 
g 

passes  current  and  voltage  without  reflection.  A  higher  resist- 
ance To  partially  reflects  the  voltage — completely  so  for  r©  =  «> , 
or  open  circuit.  A  lower  resistance  ro  partially  reflects  the  cur- 
rent— completely  so  for  ro  =  0,  or  short  circuit. 

V  —  thus  takes  in  direct-current  circuits  the  same  position 

as  the  surge  impedance  in  alternating-current  or  transient  circuits. 

D.      Alternating-Current     Circuits     with     Distributed 

Constants 

b  ^  ztjq 

by  equation  (7),  a  then  becomes  a  general  number:  d=  (A  d=  j  ife), 
and  the  corresponding  values  of  b  and  a  exist  : 

b  =  +  j  q,  a  =  +  h  -  j  k 

-  jq  +  h  +  j  k 

-  jq  -  h  - jk 
+  jq  -  h  +  j  k 

Substituting  these  in  equation  (4),  and  substituting  for  the 
exponentials  with  imaginary  exponent  the  trigonometric  expres- 
sion, gives 

i  =  €-*'  {^1  cos  (kl  -  qt)  +  B2  sin  {k  /  -  qt)\ 

+  c-^-"  \B^  cos  {kl  +  qt)  +  B,  sin  {kl  +  qi)\    (26) 
where 

Bi  =  Ai  +  A2  B:i  =  A,  +  A^ 

Bt  =j{Ai-A2)  B,  =j(Az-  A,) 

Resolving  now  the  trigonometric  expression  of  (26)  into  expres- 
sions of  single  angles,  and  eliminating  the  function  of  time  by  the 
introduction  of  the  vector  notation, 

Bi  cos  qt  —  Bi  sin  qt  =  Bi  —  j  B2  =  A 1. 

B2  cos  qt  +  Bi  sin  qt  =  B2  +  j  Bi  =  j  A 1. 

Bz  cos  qt  +  B4  sin  qt  =  B3  +  j  B^  =   —  Ai. 

Bi  cos  qt  —  Bz  sin  qt  =  B4  —  i  Bz  =  j  A^. 
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gives  as  the  expression  of  the  current, 

/  =  .4 ,  €-«  (cos  kl  +js\nkr)-Ait+"  (cos  kl  -  j sin kl)  (27) 

and  in  the  same  manner,  starting  with  equation  (6), 

E  =  V-^-  Mie-*'(cosW  +  jsin*/) +42€+*'(cosife/ 

-jsinW))     (28) 
where 

Z  =  r  -\-  jqL 

Y  =  g+jqC  (29) 

q  =  2x/ 

These  are  the  usual  and  well  known  equations  of  the  alter- 
natinj:;-current  transmission  line  in  symbolic  expressions. 

II.      IMPULSE    CURRENTS 

A.     General 

Impulse  currents  are  characterized  by  the  condition,  that 
the  time  exponent  b  in  equations  (4)  and  (6)  is  real. 

By  equation  (7),  to  every  value  of  b  correspond  two  values 
of  o,  equal  but  of  opposite  sign: 

d=  a 

By  the  same  equation,  to  every  value  of  a  correspond  two 
values  of  b: 

b  =  uzL  s  (30) 


where  s  =  V  m^  +  ^  (31) 

is  the  energy  transfer  constant, 

«  =  2-    I  f    +   -f  f  (32) 

is  the  eiiergy  dissipation  constant,  and 

is  the  distortion  constant  of  the  circuit. 
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As  h  must  be  positive,  it  must  be,  by  (30) 

5«<V  (34) 

Since  u  and  b  are  real,  by  (30),  s  must  be  real,  thus  by  (31), 

a* 
m*  +  T-7T  must  be  real  and  positive. 

a* 
As  m*  is  real,  ^-^  must  be  real,  and  must  either  be  positive, 

a' 
or,  if  negative,  —  Y~r  "^^^^  ^^  ^^^^  ^^^^  ^^• 

a  thus  must  be  either  real,  or  imaginary,  but  it  can  not  be 
complex  imaginary. 
This  gives  two  classes  of  impulse  currents: 
Non-periodic  impulse  currents:  a  real,  a^  positive. 
Periodic   impulse   currents:  a    imaginary,    a^    negative,    and 

-  a*  <  L  C  w« 

The  terms  '*  periodic  "  and  "  non-periodic  "  here  refer  to  the 
distribution  in  space,  but  not  in  time,  since  as  function  of  time 
the  impulse  currents  are  always  non-periodic. 

The  relations  between  the  constants  thus  are: 

Non-periodic  impulse  currents: 

a*    =  positive 
a     =  ±  h 


s     ^Vm^+J^ 


+  LC  ^''^ 


h     =  VlC{s^-  m') 
and  corresponding  values  of  a  and  b  are : 


o:  b: 

+  h  u  —  s 

—  h  u  —  s 

-  h  u  +s  (36) 
+  h  u  +  s 
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Periodic  impulse  currents: 

a'    =  negative 
a     =  zk  j  k 

'    =^^'-  Tc 

k     =  y/L  C  (nj2  -  5^)  (37) 

and  corresponding  values  of  a  and  h  are : 

a:  hx 

+  jk  u  —  s 

-jk  tt-  5  (38) 

+  jk  u  +  s 

-  jk  u  +  s 

B.     Non-Periodic  Impulse  Currents 
Substituting  (36)  and  (36)  in  (4)  and  (6),   and  rearranging, 
gives : 


e  =  V  -^  €-"'   \c  Ai  6-*'+^'- 


+  —  Ai  €  +  «-" ^^4  e-"-"  [ 

(39) 
where 

,  =  \/_L±-!l  (40) 

5  —  »i 

These  equations  (39)  can  be  simplified  by  shifting  the  zero 
points  of  time  and  distance,  by  the  substitution: 

Ai  =  £>i  €+«■-"■  , 

At  =  Di  e-"'-'" 

Ai=  ±  £>,€-*'.+".  (41) 

v4«   =    ±  /),€+«■  +  "' 


t+»fc 


(42) 
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Hence 

,.  =  l2if  =     1    log  JJU!L  (43) 

s  2s  s  —  m 

and  writing  t  for  /—  /i  +  /© 

and  /  for  /  —  /i 

they  then  assume  the  form: 

-  Z>,  [e+^'+^^'-^^i  c-*^-M/-M]]      (44) 

or,  expressed  in  hyperbolic  functions : 

,•  =  €  --^  [Bi  cosh  [A/  -  st{t  -  to)]  -  ^2  cosh  [hi  +  s{t  -to)]\ 

(46) 

e  =  V -^  €-«'   {5,  cosh  [hi  -  St]  +  B^  cosh  {hi  +  st]] 

or  the  corresponding  sinh  functions,  in  case  of  the  minus  sign  in 
equation   (44). 

The  impulse  thus  is  the  combination  of  two  single  impulses  of 
the  form 

which  move  in  opposite  direction,  the  D\  impulse  towards  rising 

/:    —r—  >  0,  and  the  Z)2  impulse  towards  decreasing/:   — r—  <  0. 
at  at 

The  voltage  impulse  differs  from  the  current  impulse  by  the 
f actor  V  -p;;-    (the  *' surge  impedance"),  and  by  a  time  dis- 


placement /o.     That  is,  in  the  general  impulse,  voltage  e  and  the 
current  %  are  displaced  in  time. 

/o  thus  may  be  called  the  time  displacement,  or  time  lag  of  the 
current  impulse  behind  the  voltage  impulse. 
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to  is  positive,  that  is,  the  current  lags  behind  the  voltage  im- 
pulse, if  in  equation  (43)  the  log  is  positive,  that  is,  tn  is  positive, 

f  a 

or:  —J—  >  -^f  that  is,  the  resistance-inductance  term  pre- 
ponderates. 

Inversely,  to  is  negative,  and  the  current  leads,  or  the  voltage 
impulse  lags  behind  the  current  impulse,  if  m  is  negative,  that  is, 

f  a 

-y—  <  — ~- ,  or  the  capacity  term  preponderates. 

If  g  =  0,  that  is,  no  shunted  conductances,  the  current  impulse 
always  lags  behind  the  voltage  impulse. 

T  a  jr  T. 

If  m  =  0,  that  is,  —7—  =   -7^ ,  or =  —77- ,  fo  =  0,  that 

L  c  g  L 

is,  the  voltage  impulse  and  the  current  impulse  are  in  phase  with 
each  other,  that  is,  there  is  no  time  displacement,  and  current 
and  voltage  impulses  have  at  any  time  or  at  any  space  the  same 
shape;  distortionless  circuit,  m  therefore  is  called  the  distortion 
constant  of  the  circuit. 
In  the  individual  impulse 

.     (46) 

the  term  €  -  ««  is  the  attenuation  of  the  impulse  by  the  energy 
dissipation  in  the  circuit,  that  is,  represents  the  rate  at  which  the 
impulse  would  die  out  by  its  energy  dissipation. 

The  first  term:  €"(**~*^S  dies  out  at  a  slower  rate  than  given 
by  the  energy  dissipation,  that  is,  in  this  term,  at  any  point  /, 
energy  supplied  is  left  behind  by  the  passing  impulse,  and  as  the 
result,  this  term  decreases  with  increasing  distance  /,  by  the  factor 
€  "  ** ;  inversely,  the  second  term,  €  -<•*+*) ',  dies  out  more  rapidly 
with  the  time,  than  corresponds  to  the  energy  losses,  that  is,  at  any 
point  /,  this  term  abstracts  energy  and  shifts  it  along  the  circuit, 
and  thereby  gives  an  increase  of  energy  in  the  direction  of  pro- 
pagation, by  €+*'.  In  other  words,  of  the  two  terms  of  the  im- 
pulse, the  one  drops  energy  while  moving  along  the  line,  and  the 
other  picks  it  up  and  carries  it  along. 

The  terms  e  **'  thus  represent  the  dropping  and  picking  up  of 
energy  with  the  time,  the  terms  c**'  the  dropping  and  picking 
up  of  energy  in  space  along  the  line.     In  distinction  to  u,  which 
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may  be  called  the  energy  dissipation  constant,  s  (and  its  cor- 
responding *)  thus  may  be  called  the  energy  transfer  constant  of 
the  impulse.  The  higher  s  is,  the  greater  then  is  the  rate  of 
energy  transfer,  that  is,  the  steeper  the  wave  front,  and  s  thus 
may  also  be  called  the  wave  front  constant  of  the  impulse. 

Substituting  in  equations  (44),  /  =  0,  gives  the  equation  of 
the  imptdse  in  a  circuit  with  massed  constants : 

i  =  A   €--'(€+''  ±  €"'') 

where 


A  =  Di  -  Di 
Substituting  in  equation  (39), 


and  writing 


i4i  =  =b  5  €+*'«-^'»+* 

Ai  =  ±B  €-*'.-^'»-*  (47) 

At  =  ±  B  c-^.+*<i+' 

Ai  =  ±  B  c+^i+^<«-» 

c  =  €+*'•  (42) 


t  for  t-ti  +  to+— 
s 


/  for  /  -  h 
and  rearranging,  gives 


(48) 
^-f  u  -  u  u  +  si  j_  *-  5(1  J.  *  +w  f<+«  «-n 


«  =  bV-^  e— '  {€-«  (€  +  ^'  ±  e-"]  ±  «+*'[«+'('-''> 


where 


/'  =  —  (49) 

5 
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writing 

/  for  t~  h  +  t' 

I    iOT    I-  h  +   J 

the  substitution  of  (47)  and  (42),  gives,  after  rearranging, 

e  =  B  V'-§-  i-"  {«-"  [«+"  ±  «""]  ±  «+" 

[«  +  *(/-/')  ±e- *«-'']} 

(80) 
where 

^'  =  "if  ^*^^ 

Equations  (48)  may  be  interpreted  as  showing  two  impulses, 
the  main  impulse,  and  the  reflected  impulse.  The  main  im- 
pulse, with  €"•*',  decreases  with  increasing  /,  that  is,  progresses 
towards  rising  /.  The  reflected  impulse,  with  €+*',  starts  at 
the  time  /'  after  the  start  of  the  main  impulse,  and  decreases 
with  decreasing  I,  that  is,  progresses  towards  decreasing  /. 

The  two  current  impulses  lag  behind  their  voltage  impulse 
by  time  /o- 

Equation  (60)  shows  the  two  component  impulses,  the  first 
one  dropping  energy  along  its  path,  and  thus  decreasing  with 
the  time  at  a  greater  rate  than  corresponds  to  the  energy  dis- 
sipation, and  the  second  one,  displaced  in  position  from  the 
first  one  by  distance  /^  picking  up  the  energy  dropped  by  the 
first  one. 

The  current  again  lags  behind  the  voltage  by  time  /©. 

The  distance  displacement  /^  of  the  component  impulse  in 
(60)  is  related  to  the  time  displacement  /'  of  the  two  component 
impulses  in  (48)  by  (49)  and  (61) : 

/'  -  A 
that  is,  /'  is  the  distance  traveled  by  the  impulse  during  time  t'. 
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In  hyperbolic  functions,  equations  (60)  may  be  written: 
i  =  5e—  le-'C-*)  cosh  W  ±  « +'('-<•)  cosh  A  (/ -  l')\ 

e  =  5  V^  t-'  |e-"  sinh  h  I  ±  e+"  sinh  h  {I  -  /')} 

^  (62) 

C.     Periodic  Impulse  Currents 
Substituting  (37)  and  (38)  in   (4)   and  (6),  separating  the 
imaginary  exponentials  from  the  real  ones,   substituting  the 
trigonometric  expressions  for  the  former,  and  rearranging,  gives 

i  =  €--^  |c-''  [£>i  cos  kl  -  Dj,  sin  */]  +  c"*'  [£>3  cos 

kl-  Z?4sin  W]| 

e  =  V  ^  €-^  |c  €+*'  [Z)2  cos  kl  +  Di  sin  ife/]  +  ^  c"^' 

[D^coskl  +  DismklW     (63) 
where 

m  —   5 
Substituting : 

Dx  ^  ±  B  €-*'»  cos  Wi 

Di  =  ^  B  c-^'>  sin  iWi 

Z>3  =  =t  5  c+^'i  cos  i^  (/i  -  /o)  (66) 

D^  =  ±  B  c+^''  sin  *  (/i  -  /o) 


(64) 


Thus, 


and  writing 


c=  €+^''  (66) 


s  £t  5  tn  —   s 


t   for   I-  h  +  to 
/   for   /  +  /o 


gives 

i    =    ^  €-«'  {€+*('-'•)  cos  Aj/   rb   C-^<^-^»)    COS  it  (/  -   /q)  | 

e  =  5  V~  c--'  |c+*^sin  Jb/  ±  c-^^sin  k  {I  -  lo)\ 

^  (68) 

Exchanging  sin  and  cos  in  (66),  also  exchanges  sin  and  cos 
in  (68). 


18  STEINMETZ:  IMPULSE  CURRENTS  [Jan.  14 

Equations  (68)  of  the  periodic  impulse  have  the  same  form  as 
equations  (62)  of  the  non-periodic  impulse,  except  that  the  trigo- 
nometric functions  of  distance  take  in  the  periodic  impulse  the 
same  position  as  the  hyperbolic  function  in  the  non-periodic 
impulse. 

Current  and  voltage  are  in  quadrature  with  each  other  in  their 
distribution  in  space,  in  either  of  the  two  components  of  the 
periodic  impulse.  That  is,  in  each  of  the  two  components 
maximum  current  coincides  with  zero  voltage,  and  inversely. 

The  two  components  of  the  periodic  impulse  differ  in  the  phase 
of  their  space  distribution  by  the  distance  /©,  the  second  compo- 
nent lagging  behind  the  first  component  by  the  distance  /©. 

In  each  of  the  two  components  of  the  periodic  impulse,  the 
current  lags  behind  the  voltage  by  the  time  to. 

Current  and  voltage  thus  are  in  quadrature  with  each  other  in 
space,  and  displaced  from  each  other  in  time,  by  the  *'  time  dis- 
placement "  /o. 

to  is  positive,  that  is,  the  current  lags  behind  the  voltage  by 
time  to,  if  m  is  positive,  and  to  is  negative,  that  is,  the  current 
leads  the  voltage,  if  m  is  negative. 


(t-i-h 


Since  m  =  1/2  (  t-  -;^)  it  follows 


Thecurrentlagsbehind  the  voltage,  if— yT-  >  -~-  ,  that  is,  if 
the  resistance-inductance  effect  preponderates. 

The  current  leads  the  voltage  if  "^  >-7^»  that  is,  if  the  ca- 
pacity effect  preponderates. 

The  voltage  equals  the  current  times  the  surge  impedance 


=  \/_L. 


^    ,  but  is  in  quadrature  with  it  in  space,  and  the  cur- 
rent is  lagging  by  to  in  time. 

By  the  conditions  of  existence  of  the  periodic  impulse,  s  must 
numerically  be  smaller  than  m. 

5  =  0  gives 
by  (57) :     sto  =  0. 
by  (37):     k  ==  m  y/JTC 
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and  by  (68), 

i  ^  B  e"^  {cos  kV  dt  cos  k  (/'  -  h)  \ 


e  =  BV  -^  €--''  {sin  kV  zL  sin  k  {V  -  U)\ 


Hence,  citrrent  and  voltage  are  in  phase  in  time,  but  in  quadrature 
in  space. 

5  =  w  gives 

ife  =  0 
hence,  from  (63), 


e=V^ 


€-•"  (7)2  €+»«<'+'">  +  Z)4e-"'^^   0 


hence,  substituting  for  «  and  w, 
where 

Z)/   =   /),€+«'- 

In  this  impulse,  the  capacity  terms  and  the  inductance  terms 
are  separate,  and  current  and  voltage  are  uniform  throughout  the 
entire  circuit. 

The  constants  D  ot  A  or  B  are  determined,  as  integration 
constants,  by  the  terminal  conditions  of  the  i)r()blem. 

For  instance,  if  at  the  starting  moment  of  the  impulse,  that  is, 
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at  time  /  =  0,  the  distribution  of  current  and  of  voltage  through- 
out the  circuit  are  given,  we  have  by  (63),  for  /  =  0, 

i  ^  {Di  +  Dt)  cos  kl  -  (^2  +  Da)  srnkl] 
f  =  A/-^   \(cD,+    ^)coskl 

+  (c  Di+  -^)sin«^ 

The  development  of  the  given  distribution  of  current  and 
voltage  into  a  Fourier  series  thus  gives  in  the  coefficients  of  this 
series  the  equations  determining  the  constants  Du  Dt,  Dt,  D^. 

The  expressions  for  i  and  e,  given  in  equations  (39),  (44),  (46), 
(48),  (60)  and  (62)  for  the  non-periodic,  and  in  equations  (63) 
and  (88)  for  the  periodic  impulse,  obviously  apply  to  a  simple 
impulse  only,  and  a  general  impulse  is  represented  by  the  sums 
2  i  and  2  eoi  all  the  expressions  i  and  e,  whose  integration  con- 
stants satisfy  the  terminal  conditions  of  the  problem. 
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Discussion   on   **  Outline    of   Theory    of    Impulse    Cur- 
rents "  (Steinmetz),  New  York,  Jan.   14,  1916. 

Charles  P.  Steinmetz:  "  Outline  of  Theory  of  Impulse 
Currents"  is  a  continuation  of  the  paper  on  the  general  equa- 
tion of  the  electric  circuit,  read  eight  years  ago.  In  the  previous 
paper  it  was  found  that  the  general  differential  equation,  which 
applies  to  every  electric  circuit  or  section  of  circuit  ha\4ng 
constant  values  of  r,  L,  g,  and  C,  can  be  integrated  by  an  ex- 
pression consisting  of  four  terms,  tvo  main  waves  and  their 
two  return  waves.  One  of  the  waves  dies  out  at  a  greater, 
the  other  at  a  slower  rate  than  corresponds  to  the  energy  dissi- 
pation in  the  circuit,  and  therefore  the  former  transfers  energy  to 
the  latter,  thus  representing  the  energy  transfer  along  the 
circuit,  as  occurring  in  traveling  waves,  a-c.  transmission  etc. 
These  two  waves  coincide,  and  the  energy  transfer  coefficient 
becomes  zero,  in  the  stationary  oscillation  of  a  uniform  circuit; 
they  do  not  coincide,  however,  in  the  stationary  oscillation  of 
a  compound  circuit,  but  energy  transfer  occurs  from  sections 
of  lower  energy  dissipation,  to  sections  of  higher  energy  dis- 
sipation. 

In  the  first  part  of  the  present  paper,  a  classification  of  the 
different  types  of  electric  current  is  made  from  the  general  equa- 
tion of  the  electric  circuit,  and  in  the  second  part,  various  forms 
of  the  equations  of  the  general  impulse  currents  are  derived. 

Two  methods  of  studying  engineering  phenomena  exist, 
which  may  be  denoted  respectively  as  the  synthetic  method 
and  the  analytic  method. 

The  synthetic  method  starts  with  the  study  of  special  cases, 
and  by  correlation  of  the  special  cases,  by  generalization  and 
classification  progresses  from  special  to  general,  and  thus 
finally  to  the  complete  structure  of  the  engineering  science. 

The  analytic  method  starts  from  the  general  (differential) 
equation  of  the  science  based  on  the  fundamental  underlying 
laws,  and  by  substituting  all  the  possible  values  of  the  con- 
stants and  the  terminal  conditions,  thereby  derives  the  differ- 
ent classes  of  the  phenomena,  thus  ])rogressing  from  the  most 
general  to  the  special. 

As  engineering  is  based  on  cxi)ericnce,  and  exj)eriment  neces- 
sarily deals  with  special  cases,  the  synthetic  method  is  the  first 
in  the  development  of  engineering,  and  the  analytic  method, 
requiring  the  knowledge  of  the  fundamental  laws,  can  be  at- 
tempted only  later. 

However,  the  synthetic  method  can  never  give  assurance 
of  the  completeness  of  our  knowledge,  for  entire  classes  of 
phenomena  may  be  omitted,  if  it  happens  that  they  have 
never  been  empirically  observed  or  recognized.  Inversely, 
the  analytic  method  gives  the  complete  structure,  but  only 
so  far  as  it  is  based  on  the  fundamental  laws  represented  by 
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the  general  equation,  and  thus  may  not  be  comprehensive,  since 
any  phenomenon  which  does  not  obey  these  laws,  would  not 
be  included. 

Thus  the  two  methods  are  supplementary,  the  analytic 
method  checking  the  completeness  of  the  synthetic,  and  the 
synthetic  checking  the  comprehensiveness  of  the  analytic. 

The  theory  of  electrical  engineering,  relating  to  direct  currents, 
alternating  currents,  exponential  discharges,  oscillating  currents 
and  other  transients,  was  developed  synthetically;  and  the 
purpose  of  the  first  part  of  the  present  paper  is,  by  the  analytic 
method,  to  derive  all  possible  types  of  currents  by  substituting 
all  possible  values  of  constants  and  of  terminal  conditions, 
and  thereby  check,  whether  any  class  of  current  of  indus- 
trial importance  has  escaped  recognition.  This  appears  prob- 
able, as  the  observed  transmission  line  phenomena  do  not 
entirely  agree  with  the  characteristics  of  the  currents  by  which 
they  are  usually  explained. 

During  the  development  of  high-voltage  long-distance  trans- 
mission, phenomena  were  observed  during  disturbances  in  the 
transmission  lines  or  underground  cables,  which  could  not  be 
explained  by  the  normal  voltage  supplied  by  the  generating 
machinery.  The  first  attempt  at  explanation  was  made  in 
the  study  of  the  **natural  period"  of  the  circuit,  the  abnormal 
voltages  resulting  from  the  free  oscillation  of  the  line  as  a  quarter 
wave  (or  half  wave  or  full  wave),  and  its  higher  harmonics. 
In  a  few  instances  this  agreed  fairly  well  with  the  facts,  thus 
pointing  to  quarter- wave  oscillations  as  possible  line  disturbances. 
Usually,  howevei,  it  did  not  agree  for  a  quarter  wave  oscillation 
would  be  felt  over  the  entire  ciicuit,  whereas  experience  showed 
most  line  disturbances  were  more  local  in  character,  that  is,  very 
severe  at  some  places,  but  rapidly  decreasing  with  the  distance.  It 
further  showed,  as  characteristic,  the  piling  up  of  voltage  locally, 
especially  at  inductive  parts  of  the  circuit,  such  as  transformer 
end  turns,  inductances,  current  transformers  etc.  This  led  to  the 
explanation  of  the  disturbance  as  due  to  high  frequency.  High- 
frequency  travelling  waves  would  give  local  abnormal  voltage, 
and  rapid  attenuation  with  the  distance  from  the  origin,  and 
therefore  would  satisfactorily  explain  the  most  frequent  line  dis- 
turbances, except  in  one  feature,  namely,  that  such  high-frequency 
oscillating  currents  should  give  pronounced  resonance  effects. 
Such  resonance  effects,  leading  to  the  formation  of  stationary  os- 
cillations of  destructive  value,  have  been  observed  and  experi- 
mentally reproduced  in  recent  years,  in  the  high-potential  wind- 
ings of  high-voltage  power  transformers,  usually  of  frequencies 
between  10,000  and  100,000  cycles,  and  their  existence  has  there- 
fore been  proved.  However,  in  most  cases  of  transmission  line 
disturbances,  resonance  phenomena  are  remarkably  weak  or 
entirely  absent,  and  it  therefore  appears  that  many  trans- 
mission line  disturbances  are  impulsive  rather  than  oscillatory, 
which  has  led  to  the  question  of  the  existence,  the  characteristics 
and  the  equations  of  impulse  currents. 
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In  a  ciroiit  with  localized  capacity,  inductance  and  resistance, 
the  current  is  either  oscillatory  or  impulsive,  depending  on  the 
circuit  constants,  and  more  particularly  the  relation  of  the 
resistance  to  the  inductance  and  capacity.  In  a  circuit  with 
distributed  constants,  however,  there  is  no  critical  value  of 
constants,  that  divides  the  oscillatory  and  the  impulsive 
phenomena,  but,  as  was  shown  in  the  paper  of  1908,  with  the 
same  circuit  constants,  the  phenomena  may  be  oscillatory  or  they 
may  be  impulsive,  depending  on  the  terminal  conditions,  that 
is,  on  the  cause  of  the  phenomena.  Thus  oscillating  currents 
as  well  as  impulse  currents  may  exist  in  the  same  circuit,  al- 
though experience  seems  to  show,  that  at  least  in  long  distance 
transmission  lines  the  latter  are  rather  the  more  frequent. 

To  get  their  relation  to  the  other  and  better  known  classes 
of  current,  was  the  purpose  of  the  first  part  of  the  present  paper. 

1.  Terminal  conditions.  The  foremost  terminal  condition  is 
the  length  /  of  the  circuit.  This  may  be  either  zero,  or  finite, 
or  infinite.  Substituting  /  =  0  gives  the  equation  of  cir- 
cuits with  massed  constants:  the  usual  a-c.  or  d-c.  circuits  of 
our  systems  and  apparatus,  etc.  /  =  finite  gives  the  equation 
of  circuits  with  distributed  constants  and  /  =  oo  gives  the 
case  where  the  circuit  is  so  long,  that  the  disturbance  has  de- 
creased to  a  negligible  value  before  reaching  the  end  of  the 
circuit,  and  thus  the  reflected  disturbance  is  inappreciable. 

2.  Constants.  The  general  integral  equation  of  the  electric 
circuit  appears  as  an  exponential  function,  with  the  time  and 
the  distance  in  the  ex])onent.  It  thus  has  a  coefficient  of  the 
time  exponent,  ^,  and  a  coefficient  of  the  distance  exponent,  a. 
a  and  b  are  related  by  a  quadratic  equation,  thus  only  one  is 
independent,  b  has  been  chosen  as  the  independent  co- 
efficient. ^  is  a  general  (or  complex  imaginary)  number,  and  the 
two  main  special  ca.ses  thus  are,  (a)  where  the  real  term  of  b 
is  zero,  (b)  where  the  imaginary  term  is  zero,  (a)  gives  the  al- 
ternating currents,  (b)  gives  a  non-})eriodic  class  of  transient 
currents,  which  may  be  called  the  impulse  currents.  The  im- 
pulse currents  thus  appear  as  a  class  of  currents,  as  general  as, 
and  coordinate  with  the  alternating  currents,  the  latter  rep- 
resenting the  useful  currents  of  our  transmission  systems,  the 
impulse  currents  the  foremost  type  of  harmful  currents. 

The  second  part  of  the  present  paper  contains  a  further 
classification  of  the  impulse  currents,  by  their  distribution 
along  the  circuit,  as  non-periodic  and  periodic  in  space,  and  a 
derivation  of  various  forms  of  the  equations  of  the  two  classes 
of  impulse  currents. 

Physically,  impulse  currents,  by  the  steepness  of  their  wave 
front,  give  the  local  piling  up  of  voltage,  characteristic  of  most 
line  disturbances,  but  as  non-{)eriodic  currents,  they  could 
give  resonance  phenomena  only  by  multiple  reflection,  and  thus 
'resonance  phenomena  with  impulse  currents  would  be  little 
pronounced  or  absent. 
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It  appears,  therefore,  that  the  most  frequent  disturbances 
of  our  transmission  systems  show  the  characteristics  of  the 
impulse  currents  rather  than  those  of  oscillating  currents,  and 
the  study  of  impulse  currents  becomes  of  far  greater  importance 
than  heretofore  assumed.^ 

Thus,  the  analytic  study  led  to  the  recognition  of  the  impulse 
currents  as  a  class  of  currents,  which,  while  not  unknown  be- 
fore, but  repeatedly  mentioned  and  discussed,  apparently  has 
not  sufficiently  been  realized  in  respect  to  its  industrial  im- 
portance. 

The  reverse  operation  would  now  be  of  interest:  to  check 
by  the  synthetic  method,  the  completeness  of  the  analytic 
structure,  that  is,  to  see  to  what  extent  existing  or  at  least 
industrially  important  classes  of  currents  are  not  contained  within 
the  scope  of  the  general  equation  based  on  constancy  of  r, 
L,  g  and  C, 

Phenomena  are  known,  which  are  outside  of  this  equation. 
Such  phenomena  are  the  cumulative  oscillations,  such  as  are 
produced  under  certain  conditions  by  an  arc  (not  the  phe- 
nomena of  the  so-called  'arcing  ground;*  these  are  recurrent 
oscillating  discharges),  the  surging  of  synchronous  machines, 
the  phenomena  in  circuits  operating  above  corona  voltage,  etc. 

Thus  the  general  equation  of  the  electric  circuit,  which  is 
the  starting  point  of  the  piesent  paper  and  the  previous  paper, 
is  not  all  comprehensive,  but  a  still  more  general  analytical 
investigation  is  desirable,  in  which  r,  L,  g  and  C  are  not  con- 
stant, but  depend  on  -r-  and  -77-  or  an  integrated  value  there- 
dt  at 

of,  as  the  frequency,  etc.  Our  knowledge  of  these  phenomena 
is  not  yet  sufficient  to  attempt  an  analytic  treatment,  but 
more  knowledge  will  have  to  be  acquired  by  the  synthetic 
method  of  investigating  special  classes  of  phenomena,  in  away 
similar  to  that  attempted  with  the  surging  of  synchronous 
machines  in  the  paper  on  **  Instability  of  Electric  Circuits" 
read  before  the  Chicago  Section  in  1912. 

M.  I.  Pupin:  If  I  understand  Dr.  Steinmetz,  the  object 
of  his  paper  is  to  call  your  attention  to  a  distinct  class  of  elec- 
tric currents,  a  class  of  electric  currents  which  he  calls  impulse 
currents  and  which,  he  says,  has  not  received  as  much  attention 
as  the  direct  current  and  the  alternating  current.  When  I  saw 
the  notice  of  the  paper  and  observed  the  title  "Outline  of  Theory 
of  Impulse  Currents,"  it  attracted  me  very  much,  because  I 
have  always  been  interested  in  impulse  currents.  To  me  the 
direct  current  and  the  alternating  current  were  simply  cases 
of  the  more  general  impulse  current. 

When  Dr.  Steinmetz  says  that  equations  (4)  and  (6)  **must 
represent    every    existing    electric    circuit,    and    every    circuit 
which  can  be  imagined,  from  the  lightning  discharge  to  the* 
house  bell,  and  from  the  a-c.  transmission  line  to  the  telephone 
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circuit,  with  the  only  limitation,  that  r,  g,  L,  C  are  constant 
within  the  range  of  the  currents  and  voltage  considered,"  he 
should  not  be  misunderstood  in  his  statement,  and  I  believe 
that  he  might  be  misunderstood.  I  wish  to  warn  you  not  to 
misunderstand  that  statement,  because  if  you  do,  you  might 
think  that  after  you  read  this  article  you  need  not  read  any- 
thing else  on  this  subject,  so,  therefore,  I  want  to  warn  you 
against  that. 

Here  Dr.  Steinmetz  considers  the  general  problem  on  a 
long  line  having  distributed  inductance,  resistance  and  capacity, 
and  he  gives  you  that,  starting  from  a  differential  equation. 
What  do  we  mean  by  differential  equations  in  electricity? 
We  mean  simply  this — an  equation  expressing  the  various 
relations  between  the  reactions  in  a  conductor.  For  instance, 
take  the  first  equation  Dr.  Steinmetz  gives,  which  looks  so 
mathematical — as  a  matter  of  fact  it  is  nothing  more  nor  less 
than  the  expression  that  in  any  element  of  conductor  the  sum 
of  the  electrical  actions  is  equal  to  the  sum  of  the  electrical 
reactions.  That  is  what  he  says,  and  that  is  Newton's  third 
law  of  motion,  that  the  sum  of  action  is  equal  to  the  sum  of 
reactions  in  every  system  of  bodies. 

Dr.  Steinmetz  says — Suppose  there  is  that  relation  between 
these  various  electrical  reactions  and  various  electrical  actions, 
then  the  following  must  be  the  relation  between  the  current  and 
e.m.f.  in  any  part  of  the  circuit.  That  is  what  is  called  the  in- 
tegral of  it.  From  the  equation  of  reactions  you  get  an  ex- 
pression of  the  current  and  the  e.m.f.,  and  that  is  called  the 
integral.  That  is  true  for  any  point  of  the  wire  which  has 
certain  constants. 

Now,  when  you  come  to  another  point  of  the  wire  where 
other  constants  are,  then  you  have  to  get  another  expression 
for  the  currents,  and  since  you  have  an  infinite  number  of 
points,  you  may  have  an  infinite  number  of  different  expressions 
for  the  current,  and  it  is  necessary  to  add  these  different  currents 
and  make  them  conform  to  the  so-called  boundary  conditions. 
As  soon  as  you  pass  from  one  element  of  the  wire  with  certain 
constants,  to  another  element  of  the  wire  with  another  set  of 
constants,  you  have  to  pass  through  that  boundary. 

The  most  difficult  thing  in  mathematical  analyses  of  elec- 
trical phenomena  is  that  question  of  the  boundary  conditions. 
So  that  when  Dr.  Steinmetz  says  "These  equations  must  rep- 
resent every  existing  electric  circuit,"  he  does  not  mean  to 
say  that  he  has  given  you  a  complete  solution—  he  means  to 
say  that  he  has  given  you  a  complete  solution  for  any  part 
of  the  electric  circuit,  but  if  you  want  to  have  a  complete  solu- 
tion, good  for  any  part  and  for  the  complete  circuit,  you  have 
to  take  this  part,  and  this  part,  and  this  part  and  build  it  up. 
That  explains  the  point  I  had  in  mind. 

It  is  true  that  there  are  problems  in  electrical  engineering 
which  have  not  been  discussed  at  all,  and  Dr.  Steinmetz   has 
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referred  to  one  of  those  problems  which  has  interested  me  for 
years,  the  problem  of  the  oscillating  arc.  It  may  be  that  in 
some  oscillating  arcs  the  oscillation  is  due  to  the  variable 
resistance.  It  may  be.  But  the  electrical  oscillation  that 
takes  place  in  a  vacuum  tube,  such  as  the  pliotron  tube,  is  not 
due  to  variable  resistance,  but  is  due  to  something  else.  That 
is  to  say,  the  oscillating  arc  acts  in  a  very  similar  manner  to 
the  oscillations  produced  by  an  induction  motor  when  you 
drive  it  beyond  synchronism.  Take  a  single-phase  induction 
motor,  drive  it  beyond  synchronism,  and  provide  it  with  a  suit- 
able capacity,  and  you  can  get  oscillations  exactly  the  same 
as  you  do  in  an  oscillating  wire  in  the  pliotron  tube — ^there  is 
no  variable  resistance,  there  is  no  variable  capacity,  there 
is  no  variable  inductance,  the  only  thing  that  is  variable 
is  the  mutual  inductance  between  the  primary  and  secondary 
circuit. 

Dr.  Steinmetz  to  my  knowledge  has  not  attempted  yet  to 
proceed  analytically  and  pursue  this  elusive  induction  motor 
to  see  what  it  will  do  tmder  certain  conditions,  but  un- 
doubtedly he  will,  and  when  he  does  he  will  find  that  an 
induction  motor,  whether  it  is  single-phase  or  polyphase,  when 
supplied  with  proper  capacity  and  constructed  suitably  can 
generate  these  oscillations  in  just  the  same  way  as  the  pliotron 
tube  or  the  oscillating  arc.  Moreover,  if  he  does  not  take  the 
proper  precaution,  the  oscillations  stored  in  an  induction  motor 
of  that  kind  will  be  oscillations,  not  with  a  negative  exponent, 
but  with  a  positive  exponent ;  that  is  to  say,  the  oscillations  will 
go  on  increasing  indefinitely  until  his  machine  is  smashed. 
The  machine  has  to  obey  the  integral  of  that  differential  equation, 
that  is  to  say,  the  machine  has  to  obey  the  law  of  the  electrical 
reactions.  The  mechanical  power  that  drives  the  motor  acts, 
the  motor  reacts,  and  the  result  of  that  action  and  reaction  is 
continually  piling  up  energy  which  appears  as  magnetic  energy, 
and  when  the  current  is  big  enough,  of  course,  your  machine 
will  be  either  smashed,  or  the  pole  pieces  will  be  crushed  on  to 
the  armature  and  the  machine. will  come  to  a  standstill. 

Harold  Pender:  Dr.  Steinmetz  has  given  us  an  interesting 
mathematical  discussion  of  an  important  class  of  electric  pheno- 
mena. It  is  not  difficult  to  see  the  physical  meaning  of  the 
mathematical  symbols  used  in  the  differential  equations  given 
in  the  paper,  but  this  is  not  true  of  many  of  the  symbols  appear- 
ing in  the  integral  equations.  For  example,  on  the  last  page  of 
the  paper  there  are  certain  constants  enumerated,  namely, 
Du  ^2,  Di,  Z>4.  What  are  they?  In  mathematical  language 
they  are  called  integration  constants,  and  physically  they 
have  a  definite  relation  to  the  physical  conditions  intially 
imposed  on  the  circuit,  i.e.,  they  depend  upon  the  voltage  and 
current  initially  established  at  each  point  of  the  circuit.  But 
how  may  these  constants  be  evaluated  in  terms  of  these  initial 
conditions?    I  hope  that  Dr.  Steinmetz  will  give  us  at  some  future 
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time  a  discussion  not  only  of  the  qualitative  meaning  of  these 
constants,  which  is  not  difficult  to  see,  but  also  their  quantitative 
values  for  various  initial  conditions  which  may  occur  in  practise. 

The  differential  equation  (3)  in  this  paper  is  one  that  contains, 
as  Dr.  Steinmetz  has  said,  a  complete  solution  of  single-circuit 
lines.  By  a  single-circuit  line  I  mean  a  circuit  which  does  not 
contain  mutual  inductance.  If  there  is  mutual  inductance  a 
second  equation  is  necessary,  and  the  evaluation  of  the  exponents 
in  the  various  integral  relations  requires  the  solution  of  a  cubic 
equation  instead  of  a  quadratic.  When  there  is  mutual  induc- 
tance between  the  given  circuit  and  more  than  one  other  circuit, 
the  evaluation  of  the  exponents  requires  the  solution  of  an  equa- 
tion of  still  higher  degree.  I  give  this  merely  to  emphasize  the 
fact  that  the  relations  given  in  the  paper  apply  only  to  a  single 
circuit  which  is  not  influenced  by  any  neighboring  circuit,  a 
condition  which  seldom  obtains  in  any  transmission  system. 

Hans  Lippelt:  The  paper,  after  introducing  equations  (1) 
and  (2),  puts  forward  the  following  statement: 

**  These   equations   must    rei)resent    every   existing     electric 


'Source  of 
Electricity 
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from  resistance 


To  Ground  or  Opposite  Polarity 

Fig.  1 
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circuit,  and  every  circuit  which  can  be  imagined,  from  the 
lightning  discharge  to  the  house  bell,  and  from  the  a-c.  trans- 
mission line  to  the  telephone  circuit,  with  the  only  limitation. 
that  r,  g,  L,  C  are  constant  within  the  range  of  the  currents  and 
voltages  considered." 

By  a  peculiar  coincidence,  it  occurred  to  me  that  these  equa- 
tions might  not  include  all  cases  which  arc  situated  between  the 
limits  given  in  that  statement.  As  a  matter  of  fact,  Dr.  Stein- 
metz in  concluding  the  presentation  of  the  paper  tonight  men- 
tioned several  cases  which  are  not  included  in  these  equations. 
He  limited  himself,  however,  again  by  saying  that  the  cited  cases 
involve  variations  of  the  '*  constants." 

To  me  it  seems  that  there  is  still  another  possibility  of  an 
electric  circuit,  which  is  not  covered  by  equations  (1)  and  (2). 
The  circuit  I  have  in  mind  contains  capacity  in  series  connec- 
tion. 

Fig.  1  shows  in  a  general  way  an  elementary  circuit  to  which 
Dr.  Steinmetz's  equations  (1)  and  (2)  have  reference.  The 
figure  will  be  readily  understood  by  observing  the  notations  used 
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in  the  paper.     The  whole  circuit  is  composed  of  a  series  of  such 
elementary   circuits. 

If  we  have  a  capacity  Ci  in  series  with  the  circuit,  the  latter 
may  be  represented  as  shown  in  Fig.  2.  It  is  not  feasible,  how- 
ever, to  assume  capacity  in  each  elementary  circuit,  because  the 
capacity  of  the  total  circuit  would  then  be  so  small  that  no 
current  at  all  could  flow.  The  new  fundamental  equation  should, 
therefore,  not  refer  to  the  change  of  voltage  per  unit  length  of  line 

I'-rr  /•  ^^^  ^  ^  voltage  drop  in  a  circuit  with  massed  constants. 

The  length  of  circuit  as  such  does  then  not  enter  into  the  com- 
putation. 

If  e,  the  consumed  voltage,  and  the  other  quantities  ri,  fa,  Li, 
Lt,  Ci,  Ci.  g,  refer  to  the  circuit  as  per  Fig.  2,  we  have 


fi  ti  +  Li 


-t  +  tt/''* 


(1) 


LMdt  tssumed  fiw 


Fig.  2 


Similarly,  the  current  diverted  from  main  circuit  is,   allowing 
also  for  self-induction  L2  combined  with  resistance  ra, 


wherein  i*  is  defined  by  the  following: 
for<  =  0  l*'^*" 


^0    ,     1     C^^^'\j 
fz        ft  J 


finally 


1-0 

const.  •O 


i  =  t'l  +  u 


(2) 


(3) 
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To  solve  equations  (1)  and  (2)  requires  the  knowledge  of  e 
as  a  function  of  the  time,  and  in  this  respect  these  equations 
differ  materially  from  equations  (1)  and  (2)  of  the  paper.     The 

latter  refer  to  gradients  of  quantities  f  —-tj-  and  --tj-  J,  which  are 

independent  of  actual  values  of  e  and  i.  Equations  (1)  and  (2) 
refer  to  the  quantities  e  and  i  directly,  of  which  e  is  equal  to  the 
impressed  voltage,  which  governs  the  whole  process,  viz.,  the 
vector  sum  of  all  secondary  e.m.fs.  must  equal  e.  In  the  case  of 
Fig.  1,  forming  only  a  small  part  of  a  large  circuit,  this  partial 
circuit  may  draw  stored  power  from  adjacent  circuits,  involving 
an  adjustment  of  its  terminal  voltage,  and  therefore  equations 
(1)  and  (2)  of  the  paper  must  leave  this  possibiUty  open,  which 
they  do. 

A  partial,  or  rather  advanced  solution  of  equation  (1)  is  piven 
in  equation  (4). 

'^  -  U  (xX  X.;   |J--^^  +  ^^f 

I    I   €-^'^  de+K^]  (4) 


with  X 


Li(Xi-  X2) 


1=    -^    +V 


2Li      '  4Li2  CiLx 


=  _   -^  _  \/- 


1 


2L,  4Lr  CiLi 

Kx  and  K2  =  integrating  constants. 

The  last  two  terms  on  the  right-hand  side  of  equation  (2) 
represent  the  current  flowing  through  the  branch  loaded  with 
inductance  L2  and  resistance  r?,  Fig.  2.  These  terms  have  been 
found  by  treating  this  branch  separately. 

To  complete  the  solution  of  equation  (2)  requires  only  the 
substitution  of  the  supposedly  known  value  of  e  (as  a  function 
of  time)  and  carrying  out  a  simple  mathematical  process. 

An  application  of  a  circuit  with  capacity  is  found  in  high- 
voltage  d-c.  machines,  having  armature  windings  of  the  open 
coil  type.  Such  machines  work  entirely  with  impulse  currents 
and  it  appears  that  circuits  as  per  Fig.  2,  or  similar,  will  meet  the 
requirements  for  sparkless  commutation  of  current  in  the  wind- 
ings. 
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A.  E.  Kennelly  (by  letter):  The  great  advantages  of  the 
analytical  method  set  forth  in  Dr.  Steinmetz*s  valuable  paper 
are: 

(1)  The  integral  or  primitive  equations  for  all  voltage  and 
current  waves  over  conductors  are  reduced  to  their  simplest 
fundamental  elements. 

(2)  These  equations  (4)  and  (6)  of  the  paper  permit  of  a  new 
classification  of  all  such  voltage  and  current  waves. 

When  b  contains  a  real  component,  the  paper  shows  that  the 
wave  to  which  it  pertains  must  speedily  disappear.  Only  when 
b  has  no  real  component  can  the  wave  to  which  it  pertains  belong 
to  a  permanent  regime. 

There  are  three  cases  involving  real  components  of  b ;  namely, 
b  complex,  representing  oscillatory  transients  (1) 

,  -  (  with  a  real,  representing  non-oscillatory  transients  (2) 
t?  real    -J  ^ithaimaginary,  representing  non-oscillatory  transients. 

(3) 

The  paper  distinguishes  the  two  last  types  by  the  terms  '*  non- 
periodic  "  and  **  periodic  "  impulses  respectively.  But  these 
terms  seem  to  be  unsuitable  because  they  suggest  recurrence  in 
time;  whereas  the  property  in  question  is  a  recurrence  in  dis- 
tance or  space.  Would  it  not  therefore  be  more  appropriate 
to  coin  the  terms  **  non-spacic  '*  and  "  spacic  "  for  this  differen- 
tiation? 

In  any  case,  although  the  oscillatory  and  non-oscillatory  tran- 
sients should  clearly  be  distinguished  and  placed  in  separate 
categories,  it  seems  doubtful  whether  there  is  enough  distinction 
between  the  two  classes  (2)  and  (3)  of  the  non-oscillatory  tran- 
sients to  make  their  sep£^ration  important.  The  paper  shows 
that  the  only  essential  difference  between  these  two  types  is 
that  where  a  circular  distance-angle  occurs  with  the  one,  a  hyper- 
bolic distance-angle  occurs  correspondingly  with  the  other. 
Thus  both  are  included  in  the  same  generalized  trigonometric 
relations  and  it  remains  to  be  shown  whether  the  differences 
between  them  are  otherwise  great  enough  to  call  for  separate 
discussion. 

It  is  perhaps  going  too  far  to  say  that  all  impulses  with  real 
b  exponential  time-factors  are  harmful ;  although  the  generaliza- 
tion may  at  present  be  applied  to  light  and  power  circuits.  In 
some  signaling  circuits,  as  in  some  submarine  cable  circuits, 
such  impulses  discharging  back  to  ground  at  the  sending  end  are 
usefully  employed  in  certain  signaling  systems. 

Charles  P.  Steinmetz:  In  regard  to  the  general  equation, 
which  I  gave  in  my  paper  eight  years  ago,  naturally  I  did  not 
mean  that  this  equation  is  a  final  solution  of  every  phenomenon ; 
if  I  did,  I  would  not  have  had  any  reason  to  write  this  paper. 
What  I  mean  to  say  is  that  from  this  equation  can  be  derived 
the  equations  of  any  circuit  which  fulfills  the  condition  that  every 
one  of  these  four  constants  r,  g,  L  and  C  is  constant.  Where  one 
is  variable,  whether  resistance,  or  inductance,  or  the  capacity 
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or  conductance,  then  this  general  equation  does  not  apply. 
I  mentioned,  as  an  illustration,  a  couple  of  circuits  where  the 
constants  are  variable.  The  transmission  line,  when  operated 
above  corona  voltage,  also  gives  a  periodically  variable  con- 
ductance. 

I  referred  to  the  oscillating  arc.  There  I  referred  to  the  variable 
resistance.  In  the  arc  it  is  really  a  variable  effective  resistance, 
as  I  may  call  it,  defining,  as  I  have  done  here,  resistance  as  the 
coefficient  of  energ>'  dissipation  proportionate  to  the  current. 
The  induction  machine  driven  above  synchronism  also  produces 
oscillations.  These  oscillations  produced  by  the  induction 
machine  when  driven  above  synchronism  were  discussed  in  my 
paper  on  "Induction  Motors"  19  years  ago,  and  their  characteris- 
curves  calculated.  In  the  chapter  on  t  he  "  Induction  Generator ' ' 
in  "  Alternating  Current  Phenomena,"  a  full  discussion  is 
found  on  the  conditions  under  which  an  induction  machine 
above  synchronism  excites,  of  the  maximum  voltage  and  cur- 
rent values  to  which  it  may  build  up,  and  its  dependency  on 
the  constants  of  the  external  circuit.  It  may  be  interesting  to 
note  that  two  such  induction  generators  of  10,000  kw.  each, 
have  been  in  operation  for  years  in  the  Interborough  Rapid 
Transit  station  in  New  York  City,  as  generators  producing 
power. 

These  impulse  currents  are  a  special  class  of  transients. 
Inasmuch  as  they  are  a  sub-class  of  the  general  transient,  they 
are  included  in  the  general  equation  of  my  previous  paj^er,  but 
they  were  not  specifically  treated. 

They  apply  to  a  circuit,  or  a  section  of  the  circuit,  of  uniform 
constants,  but  the  case  which  Prof.  Pupin  discussed,  where  the 
circuit  constants  change,  is  treated  in  general  in  my  previous 
paper  under  the  term  "Complex  Circuits."  It  is  more  particu- 
larly treated  in  that  section  in  my  book  on  "  Transient  Phe- 
nomena," which  discusses  the  transition  points  between  different 
circuit  sections  of  different  constants,  as  lines,  transfonnors,  etc. 
It  is  very  interesting  to  note  the  effect  on  such  a  circuit  of  the 
transients  existing;  there  is  an  energy  exchange  between  the  differ- 
ent circuit  sections,  the  energy  being  dissipated  in  some  sections 
at  a  rate  higher  than  the  average,  and  in  other  sections  at  a  rate 
lower  than  the  average, — there  is  energy  transferred,  taken 
from  one  section  and  delivered  at   another  section. 

With  regard  to  mutally  inductive  circuits,  even  these  may  be 
considered  under  the  general  equation,  by  suitable  tcnninal 
conditions,  and  effective  values  of  r,  g,  L,  C. 

I  may  say  that  the  circuit  as  described  by  Mr.  Li])])elt  is 
in  industrial  existence.  It  is  the  circuit  of  the  multi-gap  light- 
ning arrester. 


Pfstnted  at  the  fourth  Midwinter  Convention  of 
the  American  Institute  of  Electrical  Engineers, 
New   York,  February  8,   1916. 

Copyright  1916.     By  A.  I.  E.  E. 


THE  MUNICIPALLY-OPERATED  ELECTRICAL  UTILITIES 
OF  WESTERN  CANADA 


BY  A.  G.  CHRISTIE 

Abstract  of  Paper 
The  paper  discusses  a  number  of  public  utilities  in  various 
cities  in  Western  Canada  where  practically  all  public  utilities 
are  municipally  owned  and  operated.  The  characteristics  of 
these  cities  are  reviewed  and  a  brief  outline  of  equipments  of 
the  various  plants  is  given.  The  costs  and  methods  of  financing 
these  utilities  are  discussed  at  considerable  length  and  the  charges 
for  various  services  are  summarized.  While  the  paper  is  not  to 
be  regarded  as  an  endorsement  of  public  ownership,  the  author 
finds  that  these  utilities  on  the  whole  have  been  conservatively 
managed  and  have  been  practically  free  from  political  influence. 


WHEN  municipally-owned  public  utilities  are  discussed  in 
the  United  States,  it  is  generally  held  that  these  are 
open  to  the  following  criticisms: 

1.  The  plant  is  not  kej)t  modern  and  up-to-date,  resulting 
in  indifferent  service. 

2.  Rates  are  high  in  consequence  of  the  preceding  conditions. 

3.  The  utility's  finances  are  often  poorly  mana<.^ed  and 
frequently  mixed  with  other  city  accounts. 

4.  The  organization  is  indifferent  and  without  definite  lines 
of  authority. 

5.  Politics  are  usually  a  factor  in  both  organization  and 
operation. 

Mr.  Halford  Erickson  of  the  Railroad  Commission  of  Wis- 
consin has  expressed  very  concisely  the  American  point  of  view- 
in  regard  to  municipally-owned  utilities,  in  a  paper  on  "State 
and  Local  Regulation,"  an  extract  of  which  follows: 

**Such  utilities  furnish  no  better  service  than  privately  owned  or  operated 
utilities.  In  fact,  it  is  often  a  great  deal  worse.  Municij^alities  are  as  a 
rule  slow  in  responding  to  new  discoveries  and  imjjroved  methods  and 
they  often  fail  to  properly  list  and  supervise  their  meters  and  other  equip- 
ment. Examination  of  the  inspector's  re[)()rts.  at  least  in  our  state,  re- 
veals the  fact  that  while  some  municipalities  provide  good  service,  the 
service  in  a  greater  proportion  of  them  is.  on  the  whole,  on  a  lower  level 
than  is  the  case  of  privately -operated  plants. 

:i8 
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"  When  it  comes  to  rates  the  situation  for  municipally-operated  utilities 
is  no  better.  When  the  Commission  first  entered  upon  its  duties,  it  found 
the  state  literally  streaked  with  unjust  discriminations  which  were  as 
flagrant  in  municipally-operated  as  in  privately-operated  plants.  While 
these  discriminations  have  now  been  largely  done  away  with,  the  task  of 
wiping  them  out  was  also  fully  as  great  for  the  former  class  of  plants  as  for 
the  latter.  The  same  is  also  true  when  it  comes  to  establishing  and  main- 
taining equitable  rates.  While  the  rates  charged  by  the  municipally- 
operated  plants  are  often  relatively  low,  this  is  not  often  due  to  a  low  cost 
of  production  of  the  service,  but  largely  because  in  one  way  or  another 
upkeep  and  other  costs  are  shifted  from  the  consumer  as  such  to  the  tax- 
payer as  such." 

Practically  all  public  utilities  in  the  cities  of  the  Western 
Canadian  provinces  are  municipally  owned  and  operated.  An 
investigation  into  the  municipal  activities  of  the  cities  of  this 
section  to  determine  to  what  extent  the  above  criticisms  in 
reference  to  public  ownership  could  be  applied  to  them,  should 
aid  materially  in  presenting  new  facts  in  the  discussion  of 
public  ownership.  After  a  study  extending  over  four  years, 
an  inquiry  was  made  during  the  summer  of  1915  into  the  munic- 
ipally-owned electric  light  and  power  utilities  of  these  cities. 

The  electric  light  and  power  utility  was  chosen  because  it 
was  one  of  the  first  to  be  established  and  is  also  one  with  which 
comparisons  can  be  made  with  privately  owned  systems.  It 
has  become  better  organized  and  established  than  some  of  the 
other  civic  undertakings  and  the  early  mistakes  in  its  manage- 
ment are  now  apparent.  Its  organization  is  also  more  exten- 
Kive  than  later  utilities.  Hence  for  the  reasons  just  stated,  its 
production  costs  and  physical  equipment  would  probably  show 
any  inefficient  or  incompetent  administration  under  municipal 
ownership  better  than  other  more  recent  ventures  in  civic 
control.  The  investigation  was  intended  to  cover  certain 
social  and  economic  phases  of  municipal  ownership  as  well  as 
its  technical  aspects.  Hence  the  character  of  the  ])eople  and 
their  cities  will  be  discussed  together  with  the  administration, 
organization,  financing,  physical  equipment  and  rates  of  the 
municipal  electric  light  and  power  departments. 

Social  Considerations 
It  would  be  a  very  difficult  matter  indeed  to  differentiate 
between  the  people  of  the  various  cities  under  discussion,  but 
as  a  class  they  have  some  distinct  characteristics.  In  the 
first  place  the  Canadian  West  is  a  "young  man's  country.^' 
The  residents  of  the  cities  generally  came  west  as  young  men 
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and  have  seen  the  country  develop.  All  are  optimistic  and 
boosters  of  the  West  in  general  and  of  their  own  locality  in 
particular.  They  have  learned  to  cooperate  in  many  lines, 
such  as  boosting  real  estate  ventures,  etc.,  and  this  has  had  a 
very  marked  effect  on  the  conduct  of  municipal  affairs.  In 
fact  this  spirit  of  cooperation  is  the  real  basis  of  the  success 
of  their  municipal  ownership  ventures.  The  cities  that  have 
not  developed  this  spirit  to  the  fullest  extent  are  those  that 
have  had  troubles  with  politics  and  local  interference  in  the 
administration  of  their  utilities. 

The  people  of  these  Western  cities  were  the  restless  and 
ambitious  elements  of  the  United  States,  Eastern  Canada,  the 
British  Isles  and  foreign  countries.  The  British  sentiment  is 
very  strong  and  carries  with  it  the  imported  ideas  of  municipal 
ownership.  The  readiness  of  the  Canadian  and  American 
elements  to  try  any  new  system  that  appeared  reasonable  and 
promising,  accounts  for  the  early  acceptance  of  these  principles 
of  civic  control  and  operation.  Another  characteristic  that  is 
peculiar  to  the  West  is  the  general  lack  of  class  distinctions. 

This  democratic  condition  has  resulted  in  a  better  mutual 
understanding  and  a  wider  range  of  interests  between  all  mem- 
bers of  the  community.  Political  machines  are  harder  to  build 
up  under  such  conditions  and  there  has  apparently  been  less 
keen  competition  for  positions  in  civil  employ.  The  fixed 
compensation  in  such  work  appeals  less  to  the  average  individual 
than  the  gambling  chances  of  other  classes  of  business. 

Characteristics  of  the  Cities  and  their  Utilities 
Manitoba,  Alberta  and  Saskatchewan  arc  primarily  agri- 
cultural provinces  at  the  ])rcsent  time,  although  the  great  natural 
resources  in  water  power,  coal,  oil,  gas,  as])halt  and  iron  will 
undoubtedly  lead  to  great  industrial  development  in  Alberta 
in  the  near  future.  Of  late  years  the  urban  population  of  these 
states  has  grown  faster  than  that  of  the  country  districts.  A 
partial  crop  failure  in  1914  and  the  war  depression  brought 
this  unnatural  condition  \'ery  forcibly  to  the  attention  of  the 
people  and  as  a  result  there  has  since  been  a  steady  trend  back 
to  the  land. 

British  Columbia  on  the  other  hand  is  a  land  of  high  moun- 
tains, rolling  plateaus  and  very  fertile  valleys.  Its  interests 
vary  from  fruit  raising,  ranching  and  other  agricultural  pursuits 
to  lumbering,  mining  and  fishing.     Undoubtedly  great  mineral 
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wealth  will  be  developed  in  the  future  although  at  present  much 
of  the  country  has  not  been  prospected  or  opened  up.  The 
electrical  utilities  of  the  two  largest  cities,  Vancouver  and  Vic- 
toria, are  privately  owned.  Only  one  of  the  cities  having 
municipal  plants  was  investigated. 

The  outbreak  of  the  ]i)uropean  war  proved  a  hard  blow  to 
Western  Canada.  Not  only  have  tens  of  thousands  of  the  best 
fitted  young  men  gone  to  the  front,  but  the  money  in  the  country 
has  been  diverted  from  local  development  to  war  pur]30ses. 
The  closing  of  the  European  money  markets  has  cut  off  for 
the  time  being  any  borrowing  for  future  development.  This 
situation  has  resulted  in  a  complete  tying-up  of  all  industry 
and  commerce.  The  present  financial  stringency  will,  however, 
be  relieved  in  a  measure  when  the  larpe  cro^s  of  1915  are 
marketed. 

Comparatively  few  manufacturing  industries  have  been 
estabhshed  in  the  West.  Those  in  operation  either  handle  agri- 
cultural or  sea  products,  such  as  in  packing  plants,  flour  mills, 
food  product  plants,  fish  canneries,  etc.,  or  supply  the  rural 
needs  by  lumber  mills,  cement  |)lants,  brick  works  and  agri- 
cultural machinery  shops.  In  the  natural  gas  district  around 
Medicine  Haf ,  metal-working  industries  such  as  machine  shops, 
brass  foundries,  rolling  mills  and  also  glass  works,  have  been 
started  and  will  no  doubt  expand  with  the  growth  of  the  country. 

The  cities  selected  are  the  larger  ones  of  the  Western  provinces 
These  have  been  characterized  by  extreniely  rapid  growth 
within  the  last  fourteen  years,  as  shown  by  Table  I.  At  the 
same  time  they  have  been  exi)loited  by  real  estate  s|>eculators 
until  land  values  became  greatly  inflated  in  1014.  This  re- 
sulted in  a  financial  colla])se  just  before  the  war  broke  out 

An  example  of  this  exploitation  is  to  be  found  in  extensions 
of  the  municii)al  street  railways  which  were  frequently  made 
under  political  pressure  from  the  land  speculators.  Generally 
such  extensions  have  not  paid  for  themselves  and  are  now  a 
source  of  considerable  loss  to  the  city.  Each  city  council  has 
had  full  ])ower  to  undertake  such  exj^ense  and  in  boom  times 
the  people  allowed  them  to  do  so.  It  would  seem  advisable  to 
have  some  provincial  executive  board  inde])cndent  of  the  city's 
governing  body  which  would  have  authority  to  restrain  such 
needless  exploitation  and  to  act  as  a  brake  on  too-confident 
municipal  administrations. 

Brief  outlines  of  the  characteristics  of  each  of  the  cities  con 
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sidered  and  of  the  history  of  their  municipal  electric  plants 
will  be  given  in  the  following  paragraphs. 

Regina  is  the  capital  of  Saskatchewan  and  as  such  will  always 
be  a  city  of  importance.  Its  growth  has  been  more  steady 
than  that  of  other  Western  cities  and  it  is  built  up  v^ath  fewer 
outlying  subdivisions.  This  consolidated  condition  makes  it  an 
easy  city  to  ser\'^e  with  electric  light  and  power,  but  a  poor  city 
for  financially  successful  street  car  operation.  It  has  no  manu- 
facturing industries  of  any  consequence. 

The  city  first  built  a  power  plant  in  1904.  Additions  were 
made  to  this  old  plant  from  time  to  time  until  1914  when  its 
undesirable  location  making  further  extension  inadvisable,  a 
new  plant  was  built.  This  new  station  will' take  care  of  all 
future  growth  for  many  years.     The  fixed  charges  on  the  old 


TABLE  I.— DATA  ON  SIZE  OF  CITIES. 


City. 


Kamloops.  B.  C 

Medicine  Hat.  Al'ta. 

Lethbridge,  Al'ta 

Moose  Jaw,  Sask 

I  Saskatoon.  Sask 

I  Regina,  Sask , 

I  Edmonton.  Al'ta   . .  . . 
I  Calgary.  Al'ta 

Winnipeg,  Man 


Estimated  present  Population  as  per|  Population  as  per 
population 


5.500 
9.000 
10.000 
20.000 
25.000 
40.000 
50.000 
80.000 
200.000 


1911  census. 

1   1901  census. 

1 

5.603 

1 

i      1 .570 

8.0.50 

1      2.072 

13.823 

1      1.558 

12.004 

1        ^^3 

30.213 

2.249 

24.900 

'      2.626 

43.704 

1      4.392 

128.157 

'     42,340 

and  new  plants  form  a  considerable  item  in  the  cost  of  elec- 
tricity. The  increased  oj)erating  economy  of  the  new  plant 
will,  however,  practically  oflset  the  increased  fixed  charges. 
This  economy  will  become  more  api^reciable  as  the  plant  in- 
creases its  output. 

Saskatoon  is  the  leading  city  of  central  Saskatchewan  and 
is  the  seat  of  the  Provincial  University.  It  is  a  large  distri- 
buting center  and  also  has  large  mills  producing  food  products. 

Its  first  municipal  station  was  started  in  1908.  On  account 
of  the  city's  growth,  this  was  superseded  in  1911  by  a  new 
plant".  But  in  this  plant  too,  proper  provision  was  not  made 
for  the  rapid  growth  of  the  city  and  as  a  result  it  has  been 
necessary  to  replace  reciprocating  engines  by  steam  turbines  of 
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'fijcit^f^  ra;.?idr.y,  Tr.f:  presetit  plant  is  well  situated  and  is  now 
f:fvi'v.,:,f'A  ff/r  eronorr.iral  07/eration,  but  is  somewhat  handi- 
r.apT^;d  by  extrfrrn^rly  hi;(h  c^^al  cr/j*.s  due  to  freight  rates  on  the 
lon;^  haul  from  the  Al^^JTta  mines. 

Moose  Jaw  has  alvays  been  a  raii'.vay  town,  the  Canadian 
Padfic  Railway  havin/  maintained  lar^e  car  shops  at  this 
yy^/int  f<'/r  many  years.  Its  other  industries  include  flour  mills, 
a  parkin;'  plant,  etc. 

The  Hty  unfhsrUyfjk  the  production  of  electric  power  in  1904. 
The  i^-^wer  j>l;tnt  was  burnt  down  about  1912  and  was  a  total 
lo';s.  Aft/rrv/ards  a  new  plant  was  built  on  the  same  site. 
This  a^l'litir^nal  exj^enditure  has  serious  eftects  on  the  city's 
hnanr^-s  an*^!  as  a  result  the  new  plant  was  not  fully  equipped 
whfrn  war  broke  out.  The  plant  is  well  laid  out  and  when 
fini'.hod  sljoiild  ;Mve  y/xA  service. 

These  Saskat^-hewan  cities  are  all  in  prairie  country  and  have 
no  n^-arby  available  suj)j;lies  of  water  power,  cheaj)  high-grade 
roal,  or  natural  gas.  A  j^rivale  corporation  has  recently  pro- 
jjosc^I  to  i^ifje  natural  gas  to  them  from  the  Alberta  gas  fields. 
Tlie  city  of  Regina  has  made  an  agreement  with  this  company 
to  buy  tlie  gas  at  wholesale  at  the  city  limits  and  will  sell  it  to 
cu!;toTiiers  from  a  municipally-owned  and  operated  distribution 
systfrin,  whi( })  the  city  will  install.  Meanwhile  all  power  must 
be  rlerivc^l  from  coal  brought  cither  from  Alberta  or  from  the 
Orcat  Lakes.  It  therefore  s(!ems  imj)robable  that  they  will 
b(!Comc  grctat  iu'lustrial  centers  in  the  near  future.  Their  further 
growth  will  depend  then  on  their  natural  development  as  dis- 
tributing centers. 

Witli  ncitlu^r  water  po\v(jr  r^r  clieaj)  coal  at  hand,  it  is  prob- 
able lli;it  f(!W  attemj)ts  will  be  made  to  transfer  their  public 
utility  power  loads  to  private  cori)orations.  Quite  recently, 
however,  a  suggestion  was  made  to  sup]>ly  them  with  electric 
power  derived  from  low-grade  lignite  coals  which  occur  in  large 
(juantilies  in  thc!  southern  sect.i(;n  of  the  i)rovince  and  are  an 
extension  of  the  North  Dakota  fields.  Even  in  case  such  a 
project  is  successfully  com])lcted,  it  is  ])robable  that  the  cities 
would  i)uy  the  power  at  wholesale  rates  at  a  local  terminal 
station  and  continue  as  before  to  sell  it  to  customers  from  their 
own  distribution  system,  retaining  their  j)resent  municipal 
j)lants  as  reserves. 

in  contrast  to  those  of  Saskatchewan,  the  cities  of  Alberta 
h'^va  large  coal  fields  near  at  hand,  while  Calgary  has  also  cheap 
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water-power.  It  is  therefore  natural  to  expect  considerable 
industrial  development  in  these  cities  in  the  near  future. 

Medicine  Hat,  besides  having  coal  deposits  practically  under 
the  city,  is  located  in  the  center  of  the  most  extensive  of  the 
Alberta  natural  gas  fields.  It  is  thus  assured  an  ample  supply 
of  cheap  fuel.  Although  built  in  the  rolling,  dry  belt  of  Alberta, 
the  presence  of  the  natural  gas  has  resulted  in  a  more  rapid 
industrial  growth  in  this  city  and  surrounding  towns  than  in  any 
other  city  in  the  West.  Reference  has  already  been  made  to 
several  of  these  plants. 

Natural  gas  is  used  throughout  the  city  for  all  domestic  pur- 
poses such  as  heating,  cooking  and  largely  for  lighting  as  well. 
It  is  also  used  for  street  lighting.  The  success  of  a  municipal 
electrical  plant  under  such  conditions  was  therefore  doubtful 
and  it  was  not  decided  to  build  such  a  plant  until  1911.  At 
first  a  gas  engine  plant  was  installed,  but  in  November  1913  a 
new  steam  turbine  plant  was  put  in  operation  and  took  the  load 
formerly  carried  by  the  gas  engines.  This  change  was  made 
largely  on  account  of  the  high  first  costs  and  repair  charges  on  the 
gas  engines,  which  resulted  in  high  power  costs.  A  very  simple 
plant  was  installed  without  superheaters  or  economizers,  for  the 
gas  used  under  the  boilers  was  supplied  by  the  city's  own  wells 
at  a  very  low  cost. 

The  demand  for  power  for  industrial  purposes  developed  very 
rapidly  until  war  broke  out.  It  is  probable  that  this  demand  will 
increase  again  with  the  re-adjustment  of  conditions  after  the  war. 

Lethhridge  in  Southwestern  Alberta  is  the  center  of  an  exten- 
sive colliery  district  and  serves  as  a  distributing  point  for  the 
surrounding  towns.  Although  well  supplied  with  coal  and 
natural  gas  it  has  not  develoi)ed  any  industries  except  those 
connected  with  mining.     All  the  collieries  have  their  own  plants. 

The  city  bought  out  the  electrical  plant  of  a  private  company 
in  1908.  This  plant  was  uneconomical  in  operation  and  poorly 
located.  Work  was  started  at  once  on  a  new  plant.  The  old 
station  burnt  down  in  December  1909  just  before  the  new  plant 
was  complete.  The  location  of  the  new  station,  while  favorable 
for  operation,  was  such  that  construction  costs  were  excessive 
and  in  consequence  the  plant  has  high  fixed  charges. 

The  municipality  owns  and  operates  its  own  coal  mine  on 
leased  land  adjacent  to  the  plant.  On  this  account  it  has  the 
cheapest  coal  supply  of  any  city  in  the  West. 

Edmonton  is  the  capital  of  the  Province  of  Alberta  and  is  the 
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location  of  the  new  Provincial  University.  It  embraces  about 
56  square  miles  within  its  boundaries  as  a  result  of  real  estate 
exploitation.  Its  industrial  works  consist  principally  of  two 
packing  houses,  lumber  mills,  flour  mills,  brick  yards,  etc.  It  i^ 
expected  that  the  great  undeveloped  sections  of  Northern  Alberta 
will  contribute  largely  to  the  future  prosperity  of  this  city  as  it 
is  the  natiu*al  outlet  for  the  whole  north  country. 

There  are  seams  of  lignite  coal  under  the  city  itself,  while 
higher  grade  coal  occurs  in  great  quantities  to  the  west  of  the 
city.  Several  undeveloped  water  power  sites  in  the  neighboring 
country  are  available  for  power  development. 

Edmonton's  municipal  power  plants  have  had  interesting 
histories.  The  first  electric  station  and  pumping  plant  was 
built  on  the  banks  of  the  North  Saskatchewan  River  apparently 
with  no  consideration  of  future  developments.  This  plant  soon 
reached  its  maximum  capacity  and  a  producer  gas  power  plant 
was  installed  in  an  adjoining  building  to  furnish  additional 
electric  power.  A  separate  pumping  station  was  next  built  a 
short  distance  from  the  old  plant.  It  was  provided  with  its 
own  boilers  and  with  a  vertical  reciprocating  pumping  engine 
placed  in  a  pit.  In  a  few  years  another  steam  power  plant  was 
erected  beside  the  producer  gas  building  with  reciprocating  en- 
gines and  hand-fired  boilers.  Later  this  was  extended  and  steam 
turbines  and  boilers  with  mechanical  stokers  were  installed,  sev- 
eral steam  engines  were  scrapped,  and  the  original  station  defi- 
nitely abandoned.  In  the  meantime  the  pumping  plant  was 
enlarged  and  the  vertical  reciprocating  pumping  unit  was  scrap- 
ped in  favor  of  centrifugal  pumps.  At  present  the  steam  re- 
quired by  the  pumping  engines  is  supplied  from  the. main  boiler 
plant  through  a  tunnel  and  the  pumping  plant  boilers  are  per- 
manently closed  down.  When  Edmonton  absorbed  the  town  of 
Strathcona  on  the  opposite  side  of  the  river,  its  electric  plant 
and  pumping  station  were  also  taken  over.  These  operated 
non-condensing  and  were  therefore  uneconomical  in  operation. 
The  Strathcona  plant  was  closed  up  as  soon  as  the  water  and 
electrical  services  could  be  assumed  by  the  Edmonton  station. 
It  can  thus  be  seen  that  the  present  municipal  plant  is  somewhat 
of  a  makeshift.  Contracts  were  let  over  a  year  ago  for  the  con- 
struction of  a  complete  new  power  house.  But  the  war  made 
necessary  the  postponement  of  these  contracts.  At  the  time  of 
this  investigation  the  city  was  considering  the  purchase  of  power 
from  private  corporations.      Some  of  these  were  hydroelectric 
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proposals,  others  were  from  coal  companies  who  proposed  to 
generate  power  at  their  mines  and  transmit  it  to  the  city. 

Calgary  in  Central  Alberta  is  the  leading  city  of  the  middle 
west.  It  appears  to  have  sustained  less  crippling  of  business 
during  the  war  depression  than  any  of  the  other  cities.  On 
account  of  cheap  water  power,  available  nearby  coal  fields  and 
its  supply  of  natural  gas,  it  is  developing  into  an  important 
industrial  center.  Among  its  principal  industries  are  the  big 
Ogden  car  shops  of  the  Canadian  Pacific  Railway,  a  cement  mill, 
a  packing  plant,  soap  works,  lumber  mills,  flour  and  food  product 
mills,  etc. 

Calgary  started  its  first  municipal  plant  in  1905  and  kept 
adding  to  it  until  1911  when  a  new  plant  in  a  more  favorable 
location,  was  put  in  service.  About  the  same  time  a  private 
corporation,  the  Calgary  Power  Co.,  which  now  has  31,500  h.p. 
available  in  its  two  hydroelectric  stations,  entered  into  a  con- 
tract with  the  city  to  supply  it  with  power  up  to  8000  h.p.  But 
on  account  of  low  water  at  the  time  of  the  winter  peak  loads, 
the  city  has  had  to  maintain  its  plant  at  a  capacity  capable  of 
carrying  the  full  load  in  an  emergency.  The  fixed  charges  on 
this  steam  plant  now  form  a  considerable  proportion  of  the  cost 
of  power. 

A  private  corporation,  the  Eau  Claire  &  Bow  River  Lumber 
Company,  serves  customers  in  the  central  part  of  the  city  with 
electricity  partly  derived  from  water  power  and  partly  from  a 
steam  plant.  This  company  had  a  franchise  previous  to  the 
establishment  of  the  municipal  plant.  Another  private  com- 
pany has  a  franchise  to  supply  natural  gas  for  domestic  purposes 
at  a  cost  of  35  cents  ])er  1000  cubic  feet.  Much  domestic  light- 
ing is  done  with  gas.  Hence  the  load  on  the  municipal  plant  is 
not  so  large  as  would  be  the  case  if  it  had  a  monopoly  of  the 
lighting  business  as  in  other  cities. 

Half  of  the  boilers  in  the  municipal  plant  are  fired  by  gas 
of  1000  B.t.u.  per  cubic  foot  and  costing  15  cents  per  1000 
cubic  feet.  The  others  burn  coal.^  The  plant  is  well  designed 
and  well  equipped  and  when  in  continuous  operation  produces 
very  cheap  power. 

At  present  an  agreement  for  one  year  is  in  force  between 
the  city  and  the  Calgary  Power  Company  whereby  the  latter 
supplies  the  full  city  demands  for  power  at  a  low  figure  and  has 
the  use  of  the  mimicipal  steam  plant  for  emergencies.  The 
Calgary  Power  Co.  pays  all  operating  and  maintenance  costs 
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at  the  municipal  plant,  which  is  still  handled  by  the  regular 
city  or.>erating  staft.  The  company  does  not,  however,  pay  any 
of  the  plant's  fixed  charges. 

The  steam  plant  is  arTan>;ed  for  am^^Ie  future  development. 
At  the  present  time,  several  additional  hydroelectric  proposals 
are  receiving  consideration.  With  an  abundant  supi>ly  of  cheap 
water  power  further  additions  to  the  steam  plant  m.ay  become 
unnecessary. 

Winnipeg  is  the  lar;:e5t  city  in  all  Western  Canada,  and  be- 
ing the  outlet  to  the  east  of  all  the  western  railroads,  it  has 
;;reat  future  jxjssibilities. 

A  private  corporation,  the  Winniixg  Street  Railway  Co.,  had 
a  franchise  to  furnish  electric  power  and  operate  street  railways 
ver>'  early  in  the  history  of  the  city.  Up  to  1907  this  company 
charged  20  cents  jjer  kw-hr.  for  lighting.  In  that  year  it  put 
into  o:>feration  its  hydruelectric  plant  at  Lac  du  Bonnet  and 
reduced  the  rate  to   10  cents  per  kw-hr. 

In  the  meantim.e  the  citizens  recoiinizcd  that  only  by  ha\-ing 
a  supply  of  very  cheap  power  cotild  they  hope  to  see  Winnipeg 
bec^'n:e  an  industrial  center  and  they  voted  m^jney  in  1906  for 
buildin/  a  municipal  hydroelectric  plant  which  was  completed 
and  put  in  <»:  erati<>n  in  1911.  The  rates  quoted  t«)  its  cus- 
tomers v.ere  T^'iU-ih  below  the  f<»n"::trr  T.'rices  «:»f  tr.e  railway  com- 
pany. In  1914  the  nu:::icipal  plant  at  P»j:r.t  du  Bois  had  a 
generating  ca:;a'ity  <*f  22,oOO  h.p.  which  has  since  Ix-on  increased 
to  oO.^MiO  h.]).  The  fjtal  T>*jv.-er  available  at  this  :  lant  is  100,- 
000  h.T  .  The  design  and  oT..erati<jn  of  this  T'lant  l:ave  received 
ntuch  atter.ti'»n  in  the  technical  pres<  and  will  n<>t  be  described 
here. 

Kamloops  was  the  only  city  in  which  ::;  juirics  were  made 
in  British  Columbia.  It  is  lx'aie<i  at  the  ;uncti«>n  of  the  North 
anri  South  Thompsr^n  Rivers  in  the  central  section  ^.^i  the  pro- 
vince. Kamloops  is  a  divisi'jnal  p-'int  on  two  transct^^ntinental 
railroads.  The  surroundini:  country  is  a  rich  a::ricultural  and 
fruit  district.  Some  minin^^  is  carried  on  in  ad;acent  sections 
and  it  is  ;;robable  thai  this  imlustry  will  increase  in  importance 
as  the  country  deveio:.'S. 

The  city's  li-st  mun:  -ioal  plant  was  Ijuilt  a!:>')Ut  1907.  Owing 
to  the  ra]^id  ^Towth  of  Kamloo])S  this  ijlant  ])ro\-ed  inadequate 
and  a  new  municipal  electric  ]jlant  of  1200-kw.  capacity  was 
btiilt  in  1912  together  with  a  new  puniping  plant  on  a  site  east 
of  the  city  where  an  excellent  water  supply  was  available  from 
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the  South  Thompson  River.  But  owin^  to  the  high  price  of 
fuel,  it  was  decided  to  develop  a  hydroelectric  site  at  Barriere 
about  18  miles  north  of  the  city.  Unexpected  difficulties  were 
encountered  in  the  construction  of  this  plant  and  it  was  not  put 
in  service  till  the  beginning  of  1915.  It  has  a  capacity  of  1500 
kw.  which  can  be  increased  later  as  the  load  builds  up.  The 
transmission  line  to  the  city  carries  44,000  volts  with  a  step- 
down  transformer  station  at  the  steam  plant.  The  cost  of  this 
hydroelectric  system  far  exceeded  the  original  estimates  and 
the  steam  plant  is  still  held  as  a  relay,  consequently  the  electric 
service  of  the  city  has  to  bear  very  high  fixed  charges  due  to 
these  two  plants. 

Other  utilities  owned  by  the  various  cities  and  some  general 
information  regarding  them  is  giv^en  in  Table  II.  Besides 
those  undertakings  given  in  the  table,  practically  all  maintain 
municipal  hospitals. 

Organization  of  Utilities 

The  organization  of  the  municii)al  g()\'crnmcnts  varies  some- 
what in  the  different  cities.  However,  it  is  generally  the  prac- 
tise to  have  three  commissioners  in  charge  respectively  of 
Finance,  Utilities,  and  Public   Works  and  Welfare. 

In  some  cases  these  are  elected  by  the  people  and  in  other 
cases  are  appointed  by  the  city's  common  council.  At  Leth- 
bridge  the  public  utility  commissioner  acts  as  su])erintendent 
of  the  electric  light  and  i)o\vcr  department  and  of  the  street 
railway  system.  Generally,  however,  a  superintendent  is  pro- 
vided for  each  utility.  In  the  rase  of  Calgary  and  lulmonton, 
the  city's  electrical  engineer  lakes  charge  of  the  distribution 
of  the  current  from  the  jjlant's  switchboard. 

In  general  the  su])erintendents  of  tliese  municipal  utilities 
are  capable  men  and  are  exerting  as  nuich  energy  to  secure 
economical  results  as  if  they  were  em])l()yed  by  private  eor])ora- 
tions.  Most  of  them  have  lield  their  po.sitions  for  a  consider- 
able length  of  time  and  have  virtually  de\elo])e(l  and  built  u]) 
their  utilities.  These  executives  are  not  likely  to  be  subject  in 
municipal  service  to  as  much  ].)ressure  and  driving  from  high 
officials  as  in  the  case  of  superintendents  with  i)rivate  concerns. 
Hence  their  success  is  largely  a  measure  of  their  own  personal 
initiative. 

All  the  provinces  have  very  stringent  boiler  inspection  and 
engineer's  licensing  laws,  and  as  a  result,  the  oi)erating  engi- 
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neers  in  the  various  plants  are  all  high  grade  men.  The  fire- 
men, as  a  rule,  are  men  working  up  for  a  license  and  consequently 
take  an  interest  in  their  plant  and  in  their  work.  Such  opera- 
ting forces  should  be  able  to  give  the  superintendents  valuable 
aid  in  obtaining  economical  results. 

In  only  one  case  did  there  seem  at  j)rcsent  to  be  any  politics 
in  the  organization  of  the  plant.'  This  city,  however,  has  had 
a  long  record  of  political  and  civic-council  interference  with  the 
operation  of  its  utilities,  greatly  to  their  detriment.  Another 
city  is  said  to  have  had  similar  ex])ericnce  in  the  past  but  seems 
to  have  overcome  these  evils  at  the  i)rcsent  time.  Considerable 
criticism  was  heard  in  Edmonton  in  regard  to  the  operation 
of  the  city's  municipal  street  railway  system.  Its  eniployces 
had  formed  a  union  and  were  said  to  dominate  the  manage- 
ment of  the  system  through  tlieir  p<^Utical  influence.  An  at- 
tempt was  being  made  at  tlie  time  of  tliis  investigation  to 
drag  the  municipal  street  railway  system  of  Calgary  into  politics. 
This  utility  has  u])  to  the  i)rcscnt  time  been  the  most  successful 
civic  tramway  in  the  West  and  holds  a  record  for  good  service 
and  compctenl   niana^.'^cmciU. 

No  civil  service  laws  are  in  force  otiier  than  the  necessary 
licensing  of  engineers.  Tiie  superintendent  engages  and  dis- 
charges tlie  men  \incler  liim  and  generally  pTonK^tcs  his  own  men 
as  openings  o<\:ur  and  \.\\i'  men  have  tlie  necessary  legal  and 
administrative  (jualifi cations. 

It  has  been  ui'ged  against  muni.Mpal  ownersliip  tliat  more 
men  are  employed  tnan  would  be  tlie  case  in  nrivale  plants. 
In  those  cities  where  ].>()liLicians  are  sai'l  to  have  interfered 
with  the  utilities  tliere  seemed  to  be  some  evidence  (;f  an  excess 
of  men,  and  a  laxity  of  disci])line.  But  in  the  other  cities  the 
plants  appeared  to  have  the  minimum  number  of  men  neces- 
sary to  properly  carry  on  operation.  The  nev/  municipal  i)lant 
at  Rcgina  is  a  striking  example  oi  carct'ul  la\'out  anrl  o])eralion 
to  reduce  labor  to  a  mininnnn,  as  \ery  few  men  are  needed  to 
run  this  station. 

Another  interesting  fact  is  that  almost  all  plant  employees 
are  under  middle  age.  One  may  panl}'  account  for  this  con- 
dition by  the  use  of  recently  develojjed  macliinery  to  which 
the  older  men  have  not  ada])ted  themselves. 

A  very  necessary  factor  for  obtaining  efficiency  in  ])lanning 
and  operating  a  utility,  is  continuity  of  management.  If  a 
spoils  system  exists  in  municipal  |)oliLics  (jne  cannot  expect  the 
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city^s  public  utilities  to  be  either  well  managed  or  suitably 
equipped.  The  spoils  system  as  generally  understood  does  not 
seem  to  exist  in  any  of  these  cities.  On  the  other  hand  Ed- 
monton has  suffered  severely  from  too  frequent  changes  in  the 
management  of  its  utilities.  The  new  man  coming  in  was 
usually  forced  to  complete  work  unfinished  by  his  predecessor 
and  with  which  often  he  was  not  fully  in  sympathy.  Then  he 
also  was  liable  to  removal  before  he  had  his  plans  for  improve- 
ment fully  carried  out.  This  has  resulted  in  the  heterogeneous 
assortment  of  equipment  and  the  odd  station  lay-out  already 
described. 

Power  Plants  and  Equipment 

All  of  these  cities  as  shown  in  Table  I  have  grown  very  rapidly 
in  a  very  short  period.  This  rate  of  growth  could  hardly  be 
foreseen  in  any  particular  city  for  other  towns  equally  favored 
did  not  develop  so  rapidly.  Hence  much  of  the  earlier  plant 
equipment  due  to  small  size  and  poor  operating  economy  has 
become  obsolete.  There  has,  therefore,  been  in  each  city  a 
rebuilding  of  old  plants  and  the  construction  of  new  plants  as 
noted  in  preceding  paragraphs. 

The  power  plant  buildings  in  most  cities  are  of  the  usual 
construction  with  steel  framing  and  brick  walls  with  the  usual 
arrangements  for  lighting,  ventilation  and  traveling  cranes. 
Regina's  plant,  however,  is  an  exception.  Here  the  city  went 
to  considerable  expense  to  make  its  new  plant  conform  with  the 
general  plan  of  buildings  to  be  erected  on  the  adjoining  Govern- 
mental reserve.  Saskatoon's  plant  also  shows  a  considerable 
amount  of  architectural  taste. 

Table  HI  gives  some  general  data  on. the  equipment  of  the 
various  plants.  All  have  standard  B.  &  W.  water-tube  boilers 
equipped  with  superheaters  except  in  the  cases  of  Medicine 
Hat  and  Kamloops.  Induced  draft  fan  equipments  are  used, 
everywhere  except  in  Kamloops.  At  Regina  forced  draft  fans 
are  also  used  in  connection  with  the  mechanical  stokers.  At 
Edmonton  an  "^vas^"  or  Venturi  form  of  induced  draft  stack 
is  used,  where  a  20-h.p.  motor  drives  the  fan  necessary  to  serve 
2000  b.h.p/  The  Kamloops  plant  has  a  six-ft.  concrete  chimney 
185  ft.  high. 

A  question  arises  as  to  whether  a  chimney  and  natural  draft 
would  not  be  more  economical  in  some  cases.  At  Regina  on 
account  of  the  proximity  of  the  Parliament  Buildings  and 
Park,   a   chimney   was   not   permitted.     In   several   cases   the 
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power  plants  are  located  beside  rivers  in  the  bottom  lands  under 
the  bluffs  and  it  was  feared  this  might  prevent  a  chimney  from 
providing  draft  unless  of  excessive  height.  In  general,  how- 
ever, it  is  claimed  that  radial  brick  and  concrete  chimneys  were 
too  expensive  to  commercially  compete  with  the  induced  draft 
plants. 

Underfeed  stokers  are  c:iving  good  satisfaction  at  Regina. 
►Natural  gas  is  burned  in  Gwynne  burners  in  Medicine  Hat's 
plant  and  in  part  of  the  Calgary  station  Chain  grate  stokers 
are  in  use  in  all  other  plants  except  Kamloops.  Hand  fired 
grates  were  installed  at  Kamloops  where  wooden  slabs  from 
the  lumber  mills  are  burned  part  of  the  time  as  fuel. 

Coal  and  ashes  are  almost  universally  handled  by  bucket 
conveyers.  The  coal  is  stored  in  elevated  bins  above  the  firing 
aisle.  The  ashes  are  elevated  into  storage  bins  convenient  for 
loading  railroad  cars.  Most  plants  are  now  provided  with 
equipment  for  analyzing  and  testing  their  coal.  Several  prac- 
tically buy  coal  on  the  heat  unit  basis.  Economizers  are  used 
where  coal  is  expensive  and  therefore  when  full  utilization  of 
heat  is  of  first  importance. 

In  the  newest  installations  there  is  a  decided  tendency  to- 
wards motor  drives  for  all  auxiliaries. 

Admiralty-type  feed  pumps  are  installed  in  many  plants 
though  the  simple  turbine-driven  centrifugal  boiler  feed  pimips 
have  been  used  in  two  cases. 

The  waters  of  Western  Canada  generally  contain  scale  form- 
ing salts  which  make  them  unsuitable  for  boiler  feed.  How- 
ever, there  is  no  uniformity  of  treatment  of  the  feed  water. 
Some  plants  soften  it  while  others  use  boiler  compounds.  All 
use  feed  water  heaters.  The  condensate  from  the  surface  con- 
densers is  returned  to  the  boilers  in  every  station. 

The  adoption  and  use  of  instruments  to  increase  boiler  room 
economy  is  universal.  Coal  as  a  rule  is  automatically  weighed 
and  recorded.  Gas  biu*ned  under  boilers  is  metered.  The 
boiler  feed  water  is  generally  measured  by  V-notch  recorders  which 
have  universally  given  good  satisfaction.  Venturi  meters  are 
employed  in  some  plants.  COa  recorders  are  in  use  in  almost 
all  plants.  Steam  flow  meters  have  been  installed  in  a  few 
cases.  Many  plants  are  equipped  for  making  complete  tests 
and  these  are  carried  out  at  regular  intervals  either  to  detennine 
the  best  coal  to  use,  or  to  learn  the  most  economical  methods 
of  operation. 
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The  older  generating  equipment  consisted  of  steam  engines, 
usually  of  the  vertical  high  speed  or  Corliss  types.  Steam 
turbines  have  been  provided  in  all  recent  installations.  It  is 
interesting  to  note  in  Table  III  the  predominance  of  Parsons 
and  Curtis-Parsons  units.  The  number  of  British  machines  is 
also  a  striking  feature.  Recent  purchases  indicate  an  increas- 
ing preference  for  European  machinery.  The  preferential  tariff 
to  the  British  Isles  has  something  to  do  with  this  condition, 
though  the  most  recent  order — a  6000-kw.  turbo-generator  for 
Edmonton,  was  taken  by  a  Swiss  company. 

Usually  the  condensers  are  supplied  by  the  party  that  furn- 
ishes the  main  turbine.  These  are  all  of  the  surface  type  and 
give  little  trouble  from  tube  failures  with  the  cooling  w^ater 
used.  All  foreign  condensers  are  provided  with  vacuum  aug- 
mentors  of  various  types  and  are  usually  supplied  with  three- 
throw  motor-driven  air  pumps,  which  maintain  high  vacuum. 

In  electrical  machinery,  the  use  of  European  equipment  is 
even  more  noticeable  than  in  the  case  of  the  engines  and  tur- 
bines. The  switchboards  with  one  exception  are  of  American 
manufacture  and  have  been  built  according  to  modern  practise. 

All  the  larger  plants  are  provided  with  some  machine  tools 
to  enable  them  to  make  their  own  repairs.  Fine  toilet  rooms, 
wash  rooms  and  lockers  have  been  provided  in  many  stations 
for  the  men. 

In  Saskatoon,  on  the  initiative  of  the  superintendent,  a  society 
for  mutual  improvement  along  technical  lines  was  formed 
among  the  utility's  employees.  Ap])arently  this  has  not  been 
attempted  in  other  places  and  outside  of  local  engineering  so- 
cieties there  seems  to  be  no  organized  efTort  to  educate  the  men 
in  technical  subjects. 

The  Winnipeg  plant,  being  hydroelectric,  is  not  included  in 
the  preceding  general  statements.  The  plant  is  built  on  the 
Winnipeg  River,  77  miles  from  the  city.  The  power  is  carried 
into  town  over  a  high-tension  transmission  system.  During 
construction  it  was  necessciry  to  build  an  electric  tramway  to  the 
plant  to  convey  the  needed  materials  and  machinery.  This  is 
still  retained  and  operated  by  the  city. 

On  the  basis  of  these  facts  it  may  be  stated  that  as  a  whole 
the  municipal  power  plants  of  these  cities  are  up-to-date  in 
the  matter  of  physical  equipment,  thoufjh  often  retaining  some 
of  the  older  units  as  reserve.  They  are  also  provided  with 
competent  staff  and  modern  instruments  to  ensure  efficient 
operation  and  low'  unit  production  costs. 
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Distribution  Systems 

In  considering  distribution  systems,  it  must  be  remembered 
that  the  cities  are  new  and  are  scattered  over  large  areas.  This 
in  a  measure  simplified  wiring  problems  although  provisions 
for  future  growth  have  made  necessary  many  underioaded 
circuits  and  transformers.  In  those  cities  where  the  total 
output  is  metered  the  distribution  losses  run  from  ten  to  eighteen 
per  cent  of  the  current  generated. 

The  consulting  engineers  who  were  employed  in  laying 
out  the  first  plants  of  several  of  these  cities  insisted  on  two- 
phase  altemating-ciuTent  systems.  Most  plants  have  been 
entirely  changed  over  to  three-phase,  but  at  least  two  cities  are 
still  operating  with  two-phase  machinery  and  distribution  sys- 
tems involving  unnecessarily  high  first  costs  and  maintenance 
charges. 

Distribution  systems  are  generally  at  2300  volts  except  in 
some  cases  where  6600  volts  is  carried  to  substations.  The  use 
of  2300-volt  motors  for  power  service  is  increasing.  The  start- 
ing devices  used  with  these  motors  are  more  complicated  than 
with  lower  voltages,  but  being  without  transformers,  the  net 
efficiency  of  the  sendee  is  higher. 

In  two  cities  the  distribution  system  is  in  charge  of  an  elec- 
trical engineer  and  is  independent  of  the  power  plant  superin- 
tendent. In  general,  however,  the  whole  electric  light  and  power 
utility  is  under  the  supervision  of  one  man  and  this  seems  to 
be  the  more  desirable  and  more  efficient  condition. 

Cost  and  Financing  of  Utilities 
All  of  these  utilities  are  financed  by  loans  on  municipal 
debentures  whose  terms  vary  from  20  to  35  years  and  longer, 
and  bearing  interest  at  rates  of  4  to  6  per  cent.  Most  of  these 
were  marketed  in  Great  Britain,  though  a  few  were  placed  in 
Eastern  Canada  and  in  the  United  States.  The  expansion  of 
Western  Canada  was  so  rapid  before  the  war,  that  fears  were 
expressed  in  financial  circles  that  these  cities  were  exceeding 
their  ability  to  meet  these  obligations.  Hence  recent  debenture 
issues  have  had  to  bear  higher  interest  than  earlier  ones  on 
this  account.  The  war,  however,  has  closed  all  money  markets 
and  the  West,  being  without  funds  to  carry  on  development, 
has  felt  the  resulting  depression  much  more  keenly  than  the 
East. 
The  municipalities  provide  for  the  retirement  of  these  de- 
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bentures  by  the  maintenance  of  sinking  funds.  Interest  and 
sinking  fund  charges  must  be  met  out  of  the  current  revenue 
of  the  utility  and  in  general,  rates  are  adjusted  to  produce  these 
funds  together  with  a  small  surplus  for  emergencies. 

An  attempt  has  been  made  in  .Tables  IV  and  V  to  summarize 
the  financial  statements  for  the  year  1914  of  the  various  utilities 
discussed.  In  every  case  possible  the  auditor's  statements 
were  used  as  a  basis  for  the  analysis.  The  kilowatt  rating  of 
the  plants  is  that  of  the  machinery  available  for  service.  The 
plant  value  per  kilowatt  capacity  in  Table  V  seems  high  in 
several  cases.  This  usually  covers  obsolete  machinery  still 
carried  on  the  books,  together  with  the  costs  of  errors  and  mis- 
takes made  in  building  up  the  plant  from  a  small  station.  The 
power  output  of  the  plant  in  kilowatt-hours  was  used  as  the  basis 
for  the  figures  in  Table  V  which  shows  all  costs  on  a  kilowatt- 
hour  bavSis.  Table  V  also  includes  average  figures  in  nineteen 
Massachusetts  steam  power  plants  for  1914,  based  on  the 
returns  of  the  companies  to  the  Board  of  Gas  and  Electric 
Light  Commissioners  of  that  state. 

In  connection  with  the  high  first  C(;sts  of  the  distribution 
systems  and  the  yearly  distribution  costs,  attention  is  drawn 
to  the  fact  that  these  cities  have  grown  u])  with  homes  scattered 
over  large  areas.  The  niunici])al  utility  has  had  to  sup])ly  all 
reasonable  demands  for  light  and  power  even  in  the  most  out- 
lying districts.  This  has  resulted  in  high  pole  and  line  expense 
and  correspondingly  high  uj)keep  charges. 

The  capital  cost  for  the  hydroelectric  plant  at  Kamloops 
has*  been  so  great  that  its  fixed  charges  will  nearly  equal  the 
former  cost  of  fuel  in  the  steam  i)lant.  But  the  labor  cost  will 
be  less  than  before.  Hence  the  net  cost  of  power  will  not  be 
appreciably  decreased  by  the  use  of  hydroelectric  power  unless 
the  load  factor  of  the  j)lant  can  be  greatly  increased.  Efforts 
are  being  made  to  secure  additional  mining  and  irrigation  loads. 

It  has  been  said  that  the  electrical  utility  at  Medicine  Hat 
does  not  pay  enough  for  the  gas  tliat  it  consumes  and  that  if 
it  were  charged  the  same  rates  as  other  consumers,  the  surplus 
would  be  wiped  out  and  higher  rates  might  even  he  necessary. 

In  the  Moose  Jaw  statement  in  Ta]:)le  IV,  a  deduction  of 
$9,012.00  is  made  from  the  total  cost.  This  covers  the  charges 
for  operating  the  city  ])umping  station  which  is  coimected  with 
the  electric  plant  and  oi)erated  by  the  same  force.  Hence  for 
purposes  of  comparison  in  Table  V,   this  cost   was  deducted 
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proportionately  from  the  operating  costs  and  the  overhead  costs. 
The  Moose  Jaw  plant  was  partly  under  construction  in  1914, 
which  accounts  for  a  portion  of  its  high  production  costs. 

The  deductions  in  the  cost  of  Regina  in  Table  IV  represent 
the  value  of  extra  stock  on  hand  in  the  store  rooms  at  the  end 
of  the  year.  Hence  in  order  to  obtain  the  values  in  Table  V, 
this  was  deducted  proportionately  from  the  costs  of  oil  waste, 
etc.,  from  repairs  and  maintenance  of  plant  and  from  repairs 
and  maintenance  of  the  distribution  system. 

Regina  was  not  using  its  new  power  plant  during  all  of  1914. 
Its  economical  operation  ought  to  make  material  changes  in 
the  power  costs  of  the  year  1915. 

At  Edmonton  the  Power  Plant  department  has  control  of 
the  generation  of  electricity  and  the  pumping  of  water.  It 
delivers  the  electricity  at  its  main  switchboards  or  at  the  direct- 
current  switchboards  of  its  substations  either  to  the  street 
railway  or  to  the  electric  light  and  power  department  which  is 
a  separate  organization.  The  report  of  the  superintendent  of 
the  power  plant  showed  the  operating  costs  of  the  steam,  gas, 
water  and  filtration  departments  but  did  not  distribute  the 
overhead  charges  between  these  subdivisions. 

In  Table  IV  the  interdepartmental  charges  were  first  dis- 
tributed proportionately  among  the  different  items  in  the  sum- 
mary. Then  the  overhead  charges  were  distributed  on  the  basis 
of  the  total  operating  costs  of  the  electrical  and  water  plants. 
This  allotted  75  per  cent  of  the  overhead  charges  to  the  electrical 
plant  and  25  per  cent  to  the  water  pumping  and  filtration  plants. 
The  latter  charge  amounted  to  $10,082.99. 

A  fiu*ther  analysis  of  the  statements  showed  a  deficit  in  the 
water  pumping  and  filtration  departments  between  total  revenue 
and  operating  costs  of  $1,119.98.  Both  this  charge  and  the 
preceding  one  of  $10,082.99  had  evidently  been  made  up  out 
of  the  revenue  of  the  electrical  departments  and  in  Table  IV  are 
therefore  included  in  its  surplus  since  the  water  department 
operated  at  a  loss. 

In  addition,  the  city  council  in  By-law  No.  526  set  aside  the 
sum  of  $12,481.26  out  of  the  surplus  of  the  power  plant.  For 
the  purpose  of  this  analysis  this  sum  is  still  treated  as  surplus  for 
the  electrical  department. 

Finally,  the  statement  of  the  power  plant  department  showed 
a  net  surplus  over  all  charges,  including  the  reserve  just  dis- 
cussed, as  shown  by  its  profit  and  loss  account  for  1914,  to  the 
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amount  of  $828.33.  This  also  was  evidently  earned  entirely 
by  the  electrical  department.  The  true  net  surplus  for  the  year 
was  therefore  $24,512.92. 

.  The  electric  light  and  power  department  of  Edmonton  has 
charge  of  the  distribution  and  sale  of  its  electricity  to  private 
consumers.  It  is  an  entirely  distinct  and  separate  organization 
from  the  power  plant  department  and  keeps  its  own  sets  of  ac- 
counts. However  in  these  accounts  the  selling  price  of  the  power 
plant  department  for  electricity  is  the  cost  price  to  the  electric 
light  and  power  department.  For  the  purposes  of  this  discus- 
sion, it  seemed  advisable  to  combine  the  statements  of  the  two 
departments  and  this  was  done  in  Tables  IV  and  V.  The 
electric  light  and  power  department  showed  a  net  surplus  for  the 
year  of  $55,190.95.  Hence  the  total  suq^lus  from  the  electrical 
utility  was  $79,762.90. 

The  miscellaneous  charge  for  the  city  of  Calgary  includes  an 
item  for  $150,821.63  which  was  the  cost  of  26,463.032  kw-hr. 
purchased  from  the  hydroelectric  plants  of  the  Calgary  Power 
Company.  This  represents  an  average  cost  of  0.57  cents  per 
kw-hr.  at  the  city's  terminals.  Although  the  city's  municipal 
plant  generated  the  balance  of  the  power  used,  i.  e.,  4,928.564 
kw-hr.,  it  did  not  seem  fair  to  make  a  distribution  of  costs  in 
Table  V  on  this  basis  for  most  of  the  costs  in  this  plant  included 
"  stand-by  '*  charges  for  keeping  the  boilers  warm  and  under 
steam  and  for  having  a  sufficient  labor  force  on  hand  in  case  of 
emergency  demands  for  power. 

The  fiscal  year  for  Winnipeg  ends  April  30th.  The  figures 
shown  in  Table  IV  and  V  are  for  the  year  ending  April  30,  1915, 
and  therefore  cover  a  longer  war  period  than  those  for  the  other 
cities.  There  may  be  some  diilerence  of  ojnnion  regarding  the 
classification  of  these  accounts  in  Tabic  IV.  The  figures  for 
wages  include  the  following: 

Labor,  Hydraulic  Plant $1.5,;i92.21 

Inspection  and  Patrolling,  Transmission  System       6,414.08 
Terminal  and  Substations,  Operating  Labor.  .  .  .      19,5*23.4Ji 


$41,330.  :r2 

The  repairs  and  maintenance  costs  cover  charges  similarly 
distributed.  Office  expense  cost  consists  of  commercial  cx})ense 
of  promotion  and  collection,  general  office  expense,  printing  and 
stationery,  and  war  tax.  The  miscellaneous  costs  consist  of  the 
following: 
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Tramway  to  plant,  operation  and  maintenance  $33,795 .  34 

Extraordinary  contingencies 18,076.45 

Uncollectable  accounts 12,000 .  00 

Expenses  on  consumers*  premises  and  munici- 
pal lamps 8,671 .80 

Undistributed  expense 36,988.59 

$109,052.18 
Although  no  fund  is  set  aside  for  employee's  liability  insurance, 
$9,484.60  was  paid  out  in  undistributed  expense  during  the  year 
for  injuries  and  damages. 

The  item  ''  kw-hr.  generated  "  in  Tables  IV  and  V  for  Winnipeg 
represents  the  kw-hr.  delivered  at  the  terminal  substations.  It 
was  thought  best  to  use  this  figure  so  that  the  values  would  be 
comparable  with  those  of  the  other  cities.  The  utility's  records 
show  the  following : 

Total  kw.-hours  generated 70,743,274 

«       «         "      delivered  at  substations 62,493,162 

Line  and  transformation  losses 8,250,112 

«       «  «  "     percent 11.6 

The  financial  year  1914  was  chosen  for  this  analysis  of  the  costs 
of  these  plants  not  only  because  these  reports  were  the  most 
recent  available  but  also  on  account  of  the  lack  of  abnormal 
conditions  of  growth  during  that  period.  Previous  to  this  year 
the  increases  in  electrical  demands  were  exceedingly  difficult  to. 
forecast.  A  curve  showing  the  growth  of  electrical  demand  that 
is  typical  of  all  these  Western  cities  is  that  for  Moosejaw  shown 
in  Fig.  1. 

The  year  1914  was  a  poor  one  financially  for  these  municipal 
plants.  Industrial  plants  were  closed  down  at  the  outbreak  of 
war  and  the  utility's  power  load  was  thus,  decreased.  This  in 
many  cases  made  retrenchment  necessary  and  all  power  plant 
improvements  and  extensions  were  suspended.  A  decrease  in 
load  instead  of  the  expected  increase,  left  all  plants  with  excess 
power  capacity.  Consequently  higher  fixed  costs  and  operating 
costs  were  the  result. 

Table  V  shows  very  plainly  the  effects  of  cheap  gas,  coal  and 
water  power  on  the  cost  of  electricity  in  the  cases  respectively 
of  Medicine  Hat,  Lethbridge,  Calgary  and  Winnipeg.  The 
two  former  cities  have  comparatively  small  plants  which  at  pres- 
ent are  mudi  underloaded  and  with  low  load  factors.  The 
effect  of  the  high  cost  of  coal  is  seen  very  plainly  in  the  costs  of 
the  Moose  Jaw,  Regina  and  Saskatoon  plants.     Such  utilities 
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should  therefore  have  the  most  economical  plants  and  methods 
available.  In  fact  this  consideration  has  not  been  neglected,  for 
these  plants  are  all  provided  with  steam  turbines,  economizers, 
superheaters,  COj  recorders  and  other  apparatus  to  improve 
operating  conditions  and  to  reduce  plant  costs. 

It  is  scarcely  fair  to  compare  the  fuel  costs  of  these  Western 
Canadian  cities  with  that  of  Massachusetts  as  given  in  Table  V, 
for  in  the  West  lower  grades  of  coal  with  less  heating  value  and 
higher  ash  and  moisture  contents  are  generally  used.  Labor 
also  costs  more  in  the  West  than  in  Massachusetts. 
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Fig.  1 — Total  Annual  Output  and  Peak  Load  1909  to  1914 — Munic- 
ipal  Electrical    Department,    Moose  Jaw,   Sask. 

Taxation  of  Municipal  Utilities 
The  electrical  utiUties  are  taxed  as  shown  in  Table  IV,  in  the 
cities  of  Lethbridge,  Moose  Jaw,  Edmonton,  Calgary  and  Win- 
nipeg. Only  in  the  case  of  Lethbridge  has  the  utility  been  taxed 
near  its  full  value.  In  this  city,  it  is  held  that  the  utility  enjoys 
the  use  of  the  city's  streets  and  alleys  for  its  distribution  system 
and  that  its  business  increases  with  the  general  improvement  of 
the  town.  It  also  receives  fire  protection  and  police  protection 
provided  by  the  general  taxation  of  the  city.  The  users  of 
electric  light  and  power  thus  enjoy  privileges  at  the  general 
expense  of  the  public  and  should  therefore  pay  in  their  rates  a 
proportional  tax  to  cover  such  extra  privileges.  In  the  other 
cities  the  taxes  are  only  for  a  portion  of  the  plant  or  system.     The 
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taxes  at  Winnipeg  probably  cover  property  not  within  the  city 
limits. 

The  Lethbridge  system  is  based  on  the  right  ideas  and  is  more 
nearly  the  correct  one.  In  order  to  determine  the  most  equit- 
able basis  for  taxation  of  such  municipal  utilities  it  is  necessary 
to  study  the  classes  of  service  they  furnish  and  the  privileges 
these  enjoy. 

An  analysis  of  the  account  of  the  utilities  will  show  that  these 
may  be  divided  into  three  general  classes. 

(A)  Municipal  services  other  than  revenue-producing  utilities. 
This  class  includes  power  and  light  services  in  municipal  buildings, 
etc.;  street  lighting,  and  in  pumping  plants  for  fire  purposes  and 
street  cleaning  use. 

(B)  Municipal  services  for  revenue-producing  utilities  such  as, 
street  railway  power,  power  to  waterworks  for  domestic  supply  etc. 

(C)  Private  light  and  power  consumers. 

The  services  rendered  by  Class  A  are  obviously  for  the  benefit 
of  the  whole  civic  community  and  there  is  no  justification  for 
taxing  the  portion  of  the  distribution  system  providing  such  ser- 
vice or  the  proportion  of  the  generating  plant  necessary  to  supply 
such  demands. 

Class  B  services  provide  privileges  which  while  they  may  be  of 
value  to  the  city  as  a  whole,  are  enjoyed  only  by  certain  portions 
of  its  people  and  are  paid  for  in  proportion  to  the  use  made  of 
this  particular  utility.  The  users  of  such  special  service  should 
therefore  be  expected  to  pay  in  their  rates  a  just  proportion  of  the 
taxation  on  that  part  of  the  plant  of  the  electrical  utility  provided 
to  serve  their  needs. 

It  is  obvious  that  customers  in  Class  C  enjoy  special  privileges 
in  the  use  of  the  utility's  light  and  power,  and  should  pay  for 
this  privilege  as  a  tax  on  the  proportionate  part  of  the  system 
supplying  their  demands. 

It  is  thus  possible  to  fairly  apportion  the  taxable  and  tax-free 
values  of  the  electrical  plant  and  the  land  occupied  and  used  by 
the  utility.  Such  apportionment  for  taxation  purposes  should 
be  one  of  the  duties  of  the  Provincial  Public  Utility  Commission. 

A  question  naturally  arises  regarding  the  special  privileges 
that  made  the  utility  subject  to  taxation.     A  survey  of  the  fol- 
lowing brief  summary  of  certain  featiu-es  of  these  plants  shotdd 
indicate  clearly  that  there  is  ample  justification  for  subjecting  ' 
them  to  taxation. 

In  the  first  place  the  utility  occupies  land  with  a  plant,  of  which 
a  portion  is  used  for  other  than  ptire  civic  purposes  and  produces 
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revenue.  It  is  therefore  subject  to  taxation  under  all  usual  plans 
of  assessment  and  particularly  so  in  those  Canadian  cities  under 
single-tax.  The  utility  uses  the  city's  streets  and  alleys  for  poles 
and  conduits  and  enjoys  fire  and  police  protection  as  already 
mentioned.  The  city's  credit  was  employed  in  marketing  the 
debentures  to  build  the  plant  and  its  credit  is  still  used  in  pur- 
chasing fuel,  labor  and  supplies.  Considerable  time  of  the  city's 
executives  is  devoted  to  consideration  of  the  utility's  special 
problems  and  thus  a  portion  of  the  cost  of  municipal  government 
is  rightly  chargeable  to  the  utility.  The  utility  furthermore  pays 
no  franchise  tax  to  the  city  as  would  be  the  case  in  a  privately 
owned  system. 

Municipal  plants  under  the  conditions  just  enumerated  are 
able  to  serve  private  customers  at  rates  below  the  cost  at  which 
they  could  supply  such  service  themselves  and  in  this  way  pro- 
vide these  consumers  with  special  privileges  which  are  enjoyed 
at  the  expense  of  the  general  public  when  no  taxes  are  paid.  It 
is  therefore  obvious  that  taxes  should  be  levied  on  portions  of 
these  utilities  and  that  consumers  of  classes  B  and  C  should 
pay  in  their  rates,  additional  charges  to  meet  this  taxation  which 
in  the  end  really  represents  the  utility's  just  share  of  the  general 
administrative  and  maintenance  expenses  of  the  city  as  previously 
outlined. 

Referring  to  Table  V,  it  will  be  seen  that  taxes  in  the  case  of 
the  Massachusetts  cities  amount  to  more  than  the  plant  labor 
costs  and  form  about  15  per  cent  of  the  total  production  cost. 

Funds  are  set  aside  for  employers  liability  insurance  in  the  case 
of  two  cities.  Workmen's  compensation  acts  are  in  force  in 
these  provinces.  Some  of  the  cities  include  compensation 
charges  in  their  miscellaneous  expenses,  but  do  not  carry  insur- 
ance for  the  same. 

Debentures  Issues  and  Sinking  Funds 
Yearly  charges  for  sinking  funds  have  been  figured  out  in  most 
cities  and  are  paid  out  of  revenue,  though  in  Moose  Jaw  only  a 
depreciation  fund  is  maintained. 

In  Winnipeg,  standard  rates  of  depreciation  are  appHed  to  the 
different  parts  of  the  plant.  The  average  rate  for  the  whole  system 
approximating  4  per  cent,  of  the  total  investment.  It  was  con- 
sidered unjust  to  the  Winnipeg  tax-payers  and  current-users  of 
the  present  generation  and  unduly  beneficial  to  future  generations 
that  both  sinking  fund  and  depreciation  reserve  should  be  pro- 
vided.    The  Public  UtiHty  Commissioner  of  Manitoba  ordered 
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that  whatever  sums  are  necessary  for  payment  to  the  sinking  funds 
shall  be  taken  from  the  depreciation  reserve. '  This  sinking  fund 
withdrawal  amounts  to  about  1 .8  percent  on  the  total  investment . 
The  balance  of  about  2.2  per  cent  is  carried  as  a  depreciation 
reserve  for  plant  replacement.  The  statements  of  the  municipal 
department  show  only  a  change  to  depreciation,  from  which  later 
a  transfer  is  made  to  the  Sinking  Fund  Trustees  appointed  by 
the  Judiciary.  Hence  the  depreciation  charges  in  Tables  IV  and 
V  should  really  be  divided  into  two  portions,  one  amounting  to 
about  eighteen-fortieths  being  allotted  to  sinking  funds  and  the 
balance  forming  the  true  depreciation  reserve.  This  method  of 
financing  is  perfectly  sound  though  it  differs  somewhat  from 
usual  practise. 

The  investment  and  use  of  these  sinking  funds  presents  a 
problem  that  has  received  much  attention  in  the  West.  Some 
of  these  funds  have  been  invested  in  other  municipal  sectirities, 
and  in  school  debentures.  Loans  have  been  made  on  mortgages, 
while  in  a  few  places  the  money  simply  draws  interest  in  the 
banks.  In  times  of  depression  it  would  be  hard  to  realize  on 
some  of  these  investments  in  case  this  were  necessary.  There 
is  also  the  temptation  in  bad  years  to  fail  to  set  aside  the  full 
amount,  hoping  to  make  up  the  deficit  at  a  later  date.  During 
depressions  it  is  sometimes  impossible  to  collect  all  the  taxes  and 
in  such  cases  the  sinking  funds  often  do  not  receive  their  full 
allotment. 

There  is  necessarily  a  large  element  of  risk  in  investments 
earning  high  returns  and  such  use  of  sinking  funds  should  be 
closely  scrutinized.  As  these  funds  ^are  public  monies,  they 
should  only  be  used  in  absolutely  safe  investments. 

An  innovation  in  municipal  finance  has  been  brought  before 
the  public  in  order  to  remove  these  elements  of  risk  incurred 
with  sinking  funds.  This  consists  of  the  substitution  of  serial 
debentures  for  the  ordinary  long-term  debenture  with  its  sink- 
ing funds.  In  the  end  the  cost  to  the  public  is  the  same  provided 
the  two  bonds  can  be  sold  at  the  same  price.  In  the  case  of  the 
serial  debentures  an  installment  of  the  principal  is  paid  off  each 
year  together  with  the  interest  charges  on  all  outstanding  bonds 
for  that  year.  This  relieves  the  municipal  councils  of  the  respon- 
sibility for  sinking  fund  investment  and  lifts  a  considerable 
burden  from  their  shoulders. 

A  statement  of  the  case  for  serial  bonds  is  put  very  concisely 
in  the  following  paragraphs  from  Document  23  of  the  State  of 
New  York's  Constitutional  Convention. 
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The  most  certain,  simple  and  cheap  way  to  amortize  a  debt  is  to  pay 
it  off  in  annual  installments.  The  uncertainties  of  calculation  which  have 
so  unfortunately  affected  our  sinking  funds  in  the  past  are  at  once  elimi- 
nated. There  is  no  large  fund  left  in  the  hands  of  public  officials  to  be 
cared  for  and  invested  and  reinvested  for  fifty  years  with  all  the  attendant 
risk  and  temptation,  and  the  danger  that  this  power  of  investment  in 
various  local  securities  may  be  perverted  into  a  political  power  is  entirely 
removed.  Furthermore,  the  fact  that  the  same  administration  that  incurs 
a  debt  must  at  once  begin  within  a  year  to  make  provisions  for  its  retire- 
ment, necessarily  and  strongly  tends  towards  responsibility  and  prudence 
in  the  contraction  of  the  debt. 

It  has  been  maintained  that  investors  prefer  long-tenn  securi- 
ties and  in  consequence  the  serial  debentures  could  not  be  mar- 
keted at  as  favorable  prices  as  under  present  methods.  Several 
prominent  Canadian  bankers  who  were  consulted  regardinj:^ 
serial  bonds,  expressed  the  oj)inion  that  there  would  now  be 
practically  no  difference  in  placing  the  serials  at  as  favorable 
rates  as  the  long-term s. 

One  leading  American  banker  pointed  out  that,  at  the  time 
of  writing,  short  term  bonds  commanded  better  prices  than  long 
term  securities  and  that  he  believed  serial  bonds  could  sell  fully 
as  well  if  not  better  than  sinking  fund  securities. 

Document  23  of  the  New  York  Constitutional  Convention 
may  be  quoted  with  interest  on  this  subject.  Referring  to  the 
marketability  of  serial  bonds,  it  is  slated: 

After  careful  investigation,  however,  your  committee  is  of  the  opinion 
that  serial  bonds  are  quite  as  marketable  as  sinking  fund  bonds.  At  a 
recent  sale  by  the  Finance  Department  of  New  York  City,  where  a  sale 
of  serial  bonds  was  made  side  by  side  with  sinking  fund  bonds,  the  former 
brought  when  reduced  to  terms  of  equivalent  maturity,  a  better  price 
than  the  latter,  the  Comptroller  of  the  city  attributing  the  success  to  the 
serial  bonds.  Inquiry  among  the  large  financial  houses  of  New  York, 
Boston,  Chicago  and  Philadelphia  has  develo|)ed  practically  the  unani- 
mous opinion  of  those  authorities  that  serial  bonds  arc  at  least  as  market- 
able as  sinking  fund  bonds.  The  system  has  already  been  adopted  by 
other  States  of  the  Union  and  is  also, now  in  use  by  many  of  the  cities 
and  smaller  subdivisions  of  this  State. 

There  is  a  strong  tem])tation  in  the  West  to  adhere  to  the 
sinking  fund  plan,  for  often  the  mtinicipalities  are  able  to  invest 
these  funds  at  rates  higher  than  the  interest  charges  on  the 
debentures  and  thus  they  relieve  their  municipalities  of  a  certain 
amount  of  taxation.  In  sj^ite  of  the  clement  of  risk  this  is  often 
considered  very  clever  administration. 

One  further  objection  to  the  long  term  bonds,  deserves  men- 
tion here.  Such  a  bond  requires  only  a  comparatively  small 
annual  sinking  fund  charge,  which  is  attractive  to  an  uninformed 
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tax-payer.  On  the  other  hand,  if  an  adequate  depreciation  fund 
is  not  set  aside  to  provide  replacement  of  plant  at  the  proper 
time,  owing  to  the  low  sinking  fund  charges,  low  rates  may  be 
quoted  at  the  expense  of  future  consumers.  For  after  the  plant 
has  had  to  be  renewed  such  consumers  will  not  only  continue 
to  pay  interest  and  sinking  fund  charges  on  the  old  plant  which 
was  worn  out  by  their  predecessors  and  hence  is  of  no  benefit  to 
them,  but  will  also  have  to  pay  similar  charges  on  debentures 
that  have  to  be  issued  to  renew  the  plant.  This  is  unfair  dis- 
crimination against  future  consumers. 

Attention  has  already  been  called  to  the  long  life  of  many  of  the 
debentures.  It  is  certain  that  the  plants  which  these  debenttires . 
cover,  generally  cannot  last  their  full  terms.  At  a  certain  time 
they  will  be  worn  out  and  have  only  scrap  value  or  they  may  be- 
come obsolete,  yet  the  original  debentiu-es  will  still  be  unredeemed. 
The  more  equitable  and  just  system  is  the  modem  method 
of  limiting  the  term  of  the  bonds  to  the  life  of  the  improve- 
ment they  are  to  cover.  This  practise  is  required  by  law  now  in 
several  of  the  American  states. 

There  seems  to  be  a  tendency  among  accountants  and  some 
engineers  to  over-estimate  the  life  of  electrical  machinery  as 
used  to-day.  If  one  considers  for  a  moment,  merely  the  changes 
brought  about  in  the  last  fifteen  years  by  the  steam  turbine  in 
the  power  plant  and  by  new  lamps  and  fixtures  in  the  art  of 
illumination,  and  then  if  one  further  determines  the  number  of 
machine^  bought  so  long  ago  that  are  still  economically  ser\ace- 
able  in  growing  cities,  it  will  become  apparent  that  the  estimates 
of  the  life  of  the  plant  made  fifteen  years  ago  have  been  entirely 
misleading  and  in  error  due  to  obsolescence  either  from  improve- 
ment in  the  art  or  from  inadequacy  in  capacity.  Apparently 
such  progress  is  not  at  an  end  and  present-day  machinery  will 
be  subject  to  the  same  influences.  It  would  be  well  then  for 
municipal  authorities  to  give  .careful  attention  to  this  phase  of 
the  situation  when  deciding  on  the  probable  life  of  their  plant 
and  the  debentures  to  cover  the  same. 

The  adoption  of  serial  bonds  and  the  adjustment  of  their 
maximum  term  to  the  life  of  the  improvement  they  are  intended 
to  cover,  will  provide  an  equitable  and  just  method  of  financing 
future  developments.  The  question  naturally  arises  whether 
it  would  be  wise  or  necessary  to  readjust  the  present  outstanding 
securities.  It  has  been  suggested  that  these  be  exchanged  for 
serial  bonds  properly  adjusted  to  the  life  of  the  improvements 
thev  cover.     But  such  could  only  be  accomplished  with  the 
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consent  of  the  outstanding  bondholders.  It  is  probable  that 
this  woiild  involve  some  difficulty  on  account  of  the  holdings 
being  largely  in  Europe  where  any  financial  innovations  would 
be  looked  upon  with  suspicion. 

Depreciation  and  Obsolescence 
Probably  the  most  frequent  criticism  one  hears  of  municipal 
ownership  is  that  adequate  depreciation  funds  are  not  set  aside. 
When  renewals  become  necessary,  these  must  be  made  either 
at  the  expense  of  the  taxpayer  instead  of  the  consumer  who 
enjoys  the  utility,  or  more  debentures  must  be  issued.  The 
larger  cities  of  Western  Canada  are  apparently  providing  suitable 
depreciation  funds  which  represent  the  difference  between  the 
life  of  the  plant  and  that  of  their  debentures,  so  that  the  combined 
funds  will  replace  the  plant  at  the  end  of  its  usefulness.  In- 
vestigation tended  to  show  that  the  credit  for  this  foresight  was 
largely  due  to  the  work  of  competent  auditors  rather  than  to  the 
initiative  of  the  municipal  councils. 

The  smaller  cities  do  not  seem  to  maintain  this  fund  and  for 
that  reason  their  surplus  has  been  declared  at  the  expense  of 
future  replacement  funds.  A  study  of  the  situation  in  each  of 
these  cities  would  undoubtedly  lead  to  the  establishment  of  a 
depreciation  fund  even  at  the  expense  of  slightly  increased  rates. 
The  question  of  obsolete  machinery  presents  many  difficulties. 
Most  of  the  cities  have  outgrown  their  first  electric  plants  and 
these  have  either  been  scrapped  or  are  virtually  obsolete  as 
reserves.  In  many  cases  some  of  the  machines  now  in  use  will 
soon  be  too  small  and  uneconomical  if  the  city  continues  to  grow. 
Yet  practically  the  whole  value  of  these  former  plants  is  covered 
by  debentures  on  which  the  present  consumers  are  paying  interest 
and  sinking  fund  charges.  The  question  arises  as  to  how  this 
obsolescence  charge  shall  be  financed. 

.  At  Edmonton,  the  capital  account  for  obsolete  machinery  in 
the  various  plants  is  excessive,  as  is  evident  from  the  high  plant 
values  in  Tables  IV  and  V.  The  former  vSuperintendent,  R.  H. 
Parsons,  made  a  commendable  effort  to  wipe  out  as  much  of 
this  as  possible.  In  1912  the  power  plant  was  granted  $100,000 
out  of  general  taxation  funds  for  this  purpose.  The  sum  of 
$170,000  was  set  aside  in  1913  from  the  power  plant  revenues 
for  depreciation  and  obsolescence  and  in  1914  a  sum  of  $87,817.00 
was  again  set  aside  for  a  similar  purpose.  It  was  hoped  that 
this  obsolescence  charge  would  be  totally  wiped  out  in  1915. 
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War  conditions,  however,  made  reductions  in  rates  advisable 
and  considerable  still  remains  to  be  written  off  the  accounts. 
In  1913  the  auditors  recommended  a  general  tax  to  meet 
this  charge  on  the  basis  that  the  city  would  be  paying  for  **  errors 
of  past  years/'  but  this  suggestion  was  not  adoj)ted.  When  this 
charge  for  obsolete  machinery  has  been  removed  either  by  the 
retirement  of  debentures  or  the  replacing  of  inefficient  equipment 
by  modern  machinery  out  of  the  s[)ecial  depreciation  and  ob- 
solescence funds,  it  is  estimated  that  the  utility  can  reduce  its 
charges  hv  about  40  per  cent. 

An  appraisal  of  the  plant  at  Moose  Jaw  in  1914  showed  a  sum 
of  837,700  unaccounted  for  out  of  the  debenture  issue.  It  will 
be  necessary  in  the  near  future  to  provide  a  fund  to  meet  this 
discrepancy  and  also  to  provide  for  some  of  the  fire  losses  not 
covered  by  insurance. 

It  therefore  seems  necessary  in  certain  cases  to  wipe  off  at 
once  the  charges  for  obsolete  machinery  either  by  general  taxa- 
tion or  by  funds  from  current  revenue  secured  by  increased  rates. 
The  latter  j)lan  appears  to  be  the  more  equitable  and  just  of  the 
two,  for  those  enjoying  the  utility  are  then  paying  all  its  costs. 

Charges    for    Minumpal    Lighting    and    Stref^t    Railway 

Power 

The  revenues  of  the  electric  power  utilities  are  de])enderft  to 
some  extent  on  the  rates  charged  the  city  for  street  lighting  and 
the  street  railway  for  ])ower.     These  rates  will  now  be  discussed. 

Medicine  Hat  has  no  electric  street  Hghting  or  street   railway. 

The  Lethbridge  electrical  utility  charges  the  street  railway  de- 
partment two  cents  ])er  kilowatt-hour  for  power.  The  city  lighting 
equipment  belongs  to  the  electrical  utility.  The  city  is  charged 
with  all  rcjKiirs  and  maintenance  on  this  system  and  })ays  for 
])ower  at  the  net  plant  cost,  including  fixed  charges  on  the  light- 
ing  systems. 

Moose  Jaw  has  a  street  railway  owned  by  a  private  corpora- 
tion and  o})erated  by  Diesel  engines.  The  nnmicipal  power 
plant  charges  the  city  the  actual  cost  of  maintenance  of  its  light- 
ing system  j)lus  a  meter  rate  oi  two  cents  ])er  kw-hr.  for  arc 
lam])S  and  2\  cents  per  kw-hr.  for  incandescent  lam])S. 

In  Saskatoon  the  street  railway  is  charged  \\  cents  per  kw-hr. 
for  the  direct  current  it  takes  from  the  switchboard  of  the  electri- 
cal ];lant.  The  city  is  charged  at  the  rate  of  S70.00  per  year  for 
its  arc  lamps  while  tungsten  lam])s  for  street  lighting  and  munici- 
pal buildings  are  charged  at  the  regular  rates,  viz.:  eight  cents 
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for  the  first  100  kw-hr.,  seven  cents  for  the  next  50  kw-hr.  and 
six  cents  for  all  over  150  kw-hr.  per  month. 

At  Rej^ina,  the  city  is  charged  by  the  utility,  2}  cents  per 
kw-hr.  plus  a  service  charge  of  50  cents  per  connected  kilowatt 
per  month  on  428  kw.  for  street  lighting.  This  does  not  include 
repair  and  maintenance  charges.  The  street  railway  pays  \\  cents 
per  kw-hr.  for  the  power  used  plus  a  service  charge  of  50  cents  per 
month  per  connected  kilowatt  on  1000  kw.  The  power  is  meas- 
ured on  the  direct-current  terminals  leaving  the  switchboard. 

The  street  railway  paid  2  cents  per  kw-hr.  for  its  power  at 
Edmonton  in  1914.  For  general  street  lighting  the  rate  is  3.1 
cents  per  kw-hr.  plus  maintenance  and  operation  cost  plus 
3J  per  cent  for  departmental  charges.  The  city  of  Edmonton 
also  pays  5  per  cent  on  capital  expenditure  for  the  street  lighting 
system.  The  city  has  built  a  **  Whiteway  "  on  Jasper  Avenue 
which  is  handled  differently  from  the  other  lighting  charges. 
In  this  case  the  charge  is  3.1  cents  per  kw-hr.  plus  maintenance 
and  operation  costs  ])lus  31  per  cent  for  de]:)artmental  charges. 
Two  thirds  of  this  gross  sum  is  charged  to  local  improvements  as 
a  frontage  tax  and  one  third  to  the  city  of  Edmonton.  The 
city  also  pays  5  per  cent  interest  on  its  third  of  the  capital  expen- 
diture. The  balance  of  the  capital  exi)enditure  was  charged  up 
to  local  improvements  when  the  system  was  built. 

Street  lighting  in  Calgary  costs  a  fixed  sum  per  lamp  per  year. 
This  varies  from  $65.00  for  a  magnetite  arc  lamj)  to  SO. 00  for  a 
16-c.  p.  incandescent  lamp.  The  street  railway  pays  1.5  cents 
per  kw-hr.  for  its  power  measured  on  the  direct -current  watt- 
meters on  the  outgoing  feeders  from  the  substations. 

The  street  railway  at  Winnipeg  is  operated  by  a  private  cor- 
poration with  its  own  power  supply.  The  city  is  charged  0.875 
cent  net  per  kw-hr.  for  street  lighting  and  0.025  cent  net  per 
kw-hr.  for  water  pum])ing,  for  electrical  service  from  the  munic- 
ipal plant. 

There  is  evidently  no  uniformity  of  practise  in  charging  for 
street  lighting  and  for  i)ower  used  by  other  utilities.  Street 
lighting  usually  produces  a  higher  load  factor  than  similar  service 
to  private  consumers.  Water  ]nimping  also  ])rovidcs  a  high  load 
factor  and  is  very  desirable  service  when  i)umping  can  be  done  in 
off-peak  hours.  Street  railway  service  on  the  other  hand  fre- 
quently has  no  better  load  factor  than  other  commercial  ])ower. 

It  would  therefore  seem  best  to  charge  for  all  these  services 
in  two  parts;  first,  a  demand  charge  covering  the  fixed  charges 
of  that  portion  of  the  plant  needed  to  meet  maximum  demands, 
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giving  proper  consideration  to  when  these  occur,  and  second, 
a  meter  rate  on  all  current  furnished,  which  rate  would  consist  of 
operating  and  distribution  costs  together  with  a  certain  propor- 
tional part  of  the  overhead  and  management  charges. 

The  Disposal  of  Surplus 

In  regard  to  the  disposal  of  surplus,  at  Kamloops  this  was 
carried  to  a  summary  account  where  it  balanced  the  losses  in- 
curred in  the  operation  of  other  utilities. 

The  profits  were  small  in  the  case  of  Medicine  Hat  and  of 
Lethbridge  and  were  carried  over  into  current  revenue.  The 
surplus  of  Regina  and  of  Saskatoon  are  carried  over  into  general 
revenue  accounts  where  they  offset  in  a  measure  the  deficits 
incurred  in  the  operation  of  the  municipal  street  railways. 

At  Moose  Jaw  the  surplus  is  transferred  to  the  account  for 
municipal  street  lighting  where  it  balances  two -thirds  of  the  cost 
of  this  service.  This  practise  is  wrong,  for  street  lighting  is  a 
public  convenience  and  necessity  to  the  whole  community  and 
should  therefore  be  at  the  expense  of  the  city  as  a  whole.  The 
costs  of  such  service  should  be  included  in  the  general  taxes  just 
the  same  as  the  cost  of  sewage  disposal,  fire  and  police  protection. 

Calgary  had  a  total  surplus  reserve  of  $154,850.91  set  aside 
by  the  end  of  1914.  No  purpose  has  been  allotted  to  the  reserve 
up  to  the  present  time.  Rates  were  reduced  in  1915  and  in  conse- 
quence it  is  probable  that  the  surplus  for  that  year  will  be  small. 

Edmonton's  siu^plus  as  already  explained  consists  of  the  fol- 
lowing items: 

Power  plant's  net  surplus $      828 .  33 

Reserve  set  aside  by  By-Law  No.  576 12,481 .62 

Waterworks  charges  taken  out  of  electric  revenue  11,202 .  97 
Surplus  in  distribution  dept 55,190.95 

Net  Surplus $79,703.87 

Of  this  amount  the  waterworks  charges  should  be  assumed 
by  the  water  department  by  increased  rates.  The  distribution 
department  has  now  a  total  surplus  reserve  of  $104,682.47.  This 
has  been  distributed  as  follows: 

Deficit  of  Strathcona $6,654.49 

Obsolescence  Reserve 15,000 .  00 

Reserve  for  Underground  Construction 83,127.98 

It  seems  hard  to  justify  the  use  of  this  surplus  for  underground 
construction  when  the  funds  are  taken  from  current  revenue. 
This  is  a  case  where  permanent  improvements  are  being  made 
out  of  the  receipts  from  current  lighting  and  power  rates. 
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At  the  beginning  of  the  fiscal  year  Winnipeg  had  a  deficit 
of  $81,409.89  remaining  from  a  total  deficit  of  $142,273.64  in- 
curred during  the  first  two  years  of  operation .  The  surplus  for 
the  current  year  was  applied  to  this  account  reducing  the  net 
deficit  on  April  30th,  1915,  to  $2,725.17,  which  will  probably 
be  wiped  out  this  year  and  permit  lower  rates  to  be  quoted  to 
customers. 

The  variations  in  practise  as  set  forth  in  the  preceding  para- 
graphs raises  the  question  as  to  the  pro\)Qr  disposal  of  surplus. 
The  municipalities  argue  that  the  utilities  are  theirs,  that  they 
have  earned  profits  which  belong  therefore  to  the  community, 
and  the  city  through  its  governing  board  can  dispose  of  this  sur- 
plus as  it  deems  proper. 

However,  if  the  situation  is  analyzed  carefully  certain  facts 
will  be  revealed  which  raise  questions  as  to  the  equity  of  the 
above  practise.  In  the  first  place  these  profits  accrue  out  of 
rates  paid  by  the  consumers  of  light  and  i)ower  and  they  are 
therefore  paying  in  their  rates  more  than  it  is  costing  the  city  to 
provide  such  service.  Suppose  such  profits  arc  used,  as  is  fre- 
quently the  case,  to  make  good  A  deficit  in  another  department, 
say  in  the  water  de])artment,  then  the  consumers  of  water  are 
paying  rates  that  are  lower  than  the  city's  gross  cost  for  supplying 
water.  One  is  then  confronted  with  this  situation  ,that  the  elec- 
tric light  users  pay  a  portion  of  the  cost  of  the  water  consumer's 
service.  The  injustice  of  this  condition  is  at  once  a])parent. 
The  same  reasoning  applies  in  regard  to  balancing  street  rail- 
way deficits  by  surplus  funds. 

On  the  other  hand  if  the  surplus  is  carried  to  a  general  revenue 
account,  and  is  used  to  defray  the  current  expenditures  of  the 
city  or  to  meet  specific  civic  costs,  such  as  street  lighting,  it 
virtually  takes  the  place  of  additional  taxes.  Then  the  electrical 
consumers  are  paying  a  portion  of  the  cit>''s  general  taxes  in 
addition  to  the  cost  of  supi)lying  them  with  power  and  light. 
This  is  neither  fair  nor  just  if  the  utility  has  already  paid  taxes 
on  its  valuation.  If  it  has  not  been  taxed,  then  there  is  a  con- 
siderable measure  of  justification  for  this  practise. 

Reference  has  already  been  made  to  the  ])ractise  at  Edmonton 
of  utilizing  the  surplus  for  permanent  im]:)rovements.  In 
general  when  such  funds  arc  used  either  to  replace  old  equipment, 
to  extend  the  utility  or  to  make  permanent  improvements  in  the 
system,  the  benefits  of  such  will  be  enjoyed  by  future  consumers 
extending  over  a  period  of  years.  They  alone  should  bear  the 
costs  of  such  improvements  and  it  is  therefore  unjust   to   levy 


68  CHRISTIE:  MUNICIPAL  OPERATION  [Feb.  8 

high  rates  on  present  consumers  that  provide  funds  for  improve- 
ments they  do  not  enjoy  when  paying  those  rates. 

In  cities  where  a  proper  depreciation  and  obsolescence  fund 
has  not  been  provided,  it  would  seem  necessary  to  set  aside  at 
once  all  surplus  funds  in  a  special  sinking  fund  to  make  up  for 
failures  in  the  past  to  provide  for  this  cost. 

How  then  should  the  surplus  be  used?  In  every  power  plant 
there  are  at  times  emergencies  that  call  for  expenditures  in 
excess  of  the  current  costs  of  other  periods,  such  for  instance 
as  damages  to  the  system  from  sleet  storms,  lightning,  floods  and 
fires.  It  would  seem  reasonable  therefore  that  a  special  reser\^e 
fund  of  moderate  amount  should  be  set  aside  for  this  purpose  out 
of  the  profits  earned. 

The  use  of  surplus  to  provide  for  deficient  depreciation  funds 
has  been  pointed  out.  This  procedure  is  so  reasonable  and 
rational  that  no  argument  need  be  presented  to  justify  it,  for 
sooner  or  later  such  funds  must  be  forthcoming  and  rightly  should 
be  provided  by  the  users  of  the  utility. 

When  profits  exceed  reasonable  allowances  for  the  two  pre- 
ceding purposes,  then  the  consumers  are  entitled  either  to  a 
proportional  rebate  on  their  bills  or  to  reduced  rates  for  the 
following  year.  The  former  method  has  certain  psychological 
advantages  as  it  emphasizes  the  cooperative  features  of  the 
enterprise  and.the  mutual  profit  and  loss  characteristics  of  munic- 
ipal undertakings,  and  also  obviates  the  political  pressure 
brought  to  bear  on  officials  when  rate  changes  are  to  be  made. 

If  rates  were  reduced  in  proportion  to  surplus,  the  reductions 
would  amount  to  from  7  to  15  per  cent  in  the  different  cities, 
with  the  exception  of  Medicine  Hat  and  Lethbridge. 

Table  VI  contains  some  interesting  deductions  from  Table 
V.  Winnipeg  figures  are  for  the  municipal  plant  only  and  do  not 
include  the  large  private  corporation  operating  the  street  railway 
and  also  selling  light  and  power  in  the  city. 

The  plant  equipment  per  1000  inhabitants  averages  nearly 
twice  that  of  the  average  of  nineteen  cities  in  Massachusetts. 
The  electrical  consumption  per  inhabitant  is  more  than  twice 
the  eastern  average. 

The  average  of  kw-hr.  generated  per  kilowatt  capacity  of 
plant  for  the  Canadian  cities  amounts  to  1457  kw-hr.  This  in- 
dicates that  practically  the  same  station  load  per  kilowatt  in- 
stalled exists  in  the  West  as  in  the  Massachusetts  cities.  The 
equivalent  coal  per  kw-hr.  was  figured  from  the  cost  of  coal  per 
*^on  of  2000  pounds  and  the  fuel  cost  per  kw-hr.  as  given  in  Table 
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V.  The  Lethbridge  plant  consumes  the  whole  output  of  its 
mine  without  much  hand  picking  of  the  coal.  The  coal  is  rather 
low  grade  and  high  in  ash.  Hence  the  fuel  consumption  is 
apparently  excessive. 

The  high  coal  consumption  of  Moose  Jaw  together  with  other 
high  production  costs  is  due  in  a  large  measure  to  the  fact  that 
half  the  boiler  room  was  under  construction  during  the  financial 
year  1914. 

Considerable  high  grade  Pennsylvania  coal  was  burned  diuing 
the  year  at  Saskatoon  which  partially  accounts  for  the  low  coal 
consumption.  A  survey  of  these  figures  on  coal  indicates  that 
power  costs  can  be  considerably  reduced  by  improved  plant 


12X0 


2.00 


7 

/ 

/ 

/ 

SMkatoon'aiMl 
M«d0dMHat 

^ 

^ 

'"1 

R 

t^ 

f 

\^ 

v^ 

V 

/ 

-i 

M. 

^ 

/ 

r 

4 

/ 

^^"^ 

^ , 

J 

/ 

/ 

A 

^--l"'' 

^. 

A 

/ 

F 

m 

^^0^^-^ 

/ 

i 

fe 

^ 

-^ 

gS 

^ 

^ 

k 

-> 

^ 

^ 

P^ 

20  40  60  80  100 

TOTAL  CONSUMPTION  PER  MONTH-KW.-HR. 


120 


Fig.  2 — Monthly  Lighting  Charges  to  Small  Consumers 


operation.  The  cost  of  fuel  per  kilowatt  varies  widely  as  shown 
in  Table  V.  This  item  in  the  total  cost  was  therefore  eliminated 
from  the  figures  given  in  Table  VI  in  order  that  a  more  equitable 
basis  of  comparison  might  be  obtained. 

The  column  of  "  operating  costs  less  fuel  charges  "  indicates 
very  clearly  the  influence  of  the  high  labor  costs  due  to  higher 
wages  in  the  west  as  compared  with  those  of  the  Massachusetts 
cities.  Cheaper  service  may  be  expected  then  by  reducing  labor 
costs  per  tmit  of  output  as  well  as  cutting  down  fuel  costs. 

Western  distribution  costs  with  the  exception  of  Moose  Jaw  are 
generally  low,  possibly  because  the  systems  are  comparatively 
new  and  have  not  needed  extensive  repairs.     The  item  of  taxes 
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was  also  omitted  from  the  costs  presented  in  Table  VI  as  there 
was  no  uniformity  of  practise  in  regard  to  this  charge.  The 
office  and  management  costs  of  these  western  utilities  are  low 
compared  to  the  Massachusetts  costs. 

The  average  production  cost  less  fuel  and  taxes  is  1.021  cents 
per  kw-hr.  for  the  western  cities  against  1.252  cents  per  kw-hr. 
in  the  Massachusetts  cities.  The  average  fixed  charges  of 
the  Canadian  cities  are  0.988  cent  per  kw-hr.  or  nearly  the  same 
as  the  production  cost  without  fuel  or  taxes.  The  average  net 
cost  without  fuel  or  taxes  amounts  to  2.009  cents  per  kw-hr. 
From  Table  V  the  average  net  cost  including  fuel  and  taxes  is 
2.793  cents  per  kw-hr. 
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Fig.  3 — Monthly  Lighting  Costs  to  Large  Consumers 


Rates  for  Light  and  Power  Service 
The  rates  for  lij^hting  and  power  with  the  prompt  payment 
discounts  in  the  various  cities  are  piven  in  Tables  VII  and  VIII, 
and  are  shown  ^graphically  in  Figs.  2,  3,  4  and  5.  These  curves 
are  plotted  with  total  kilowatt-hours  consumption  per  month 
per  consumer  as  one  ordinate  while  the  other  indicates  the  net 
monthly  cost  to  the  consumer  when  he  avails  himself  of  the 
prompt  payment  discounts.  Comparison  can  be  made  between 
the  different  cities  by  selecting  any  given  consumption  and  noting 
from  the  curves  the  net  cost  in  each  city.  Rates  of  other  cities 
can  be  compared  by  figuring  the  net  cost  of  a  given  electrical 
constunption  and  comparing  it  with  the  charges  in  the  Western 
plants  as  shown  by  the  curves. 
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The  curves  showing  the  lighting  rates  for  Regina  for  large 
consumers  are  not  absolutely  correct  for  they  do  not  include  the 
service  charge  of  50  cents  per  kilowatt  of  connected  load.  As  no 
data  are  at  hand  in  this  case  regarding  the  relation  of  connected 
load  to  consumption,  it  was  impossible  to  plot  curves  represent- 
ing true  conditions.  The  actual  cost  can  be  found  by  adding 
the  service  charge  to  the  figures  given  by  the  curves.  The  curve 
for  charges  to  small  consumers  has  been  plotted  on  the  assump- 
tion of  one  kw.  connected  load  per  customer,  and  may  thus  be 
slightly  in  error  for  any  particular  case.  No  attempt  was  made 
to  show  the  two  meter  rates  of  Moose  Jaw  and  other  places. 
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Fig.  4 — Monthly    Power    Costs   to   Small   Consumers 


The  effect  of  the  general  use  of  natural  gas  for  domestic  lighting 
and  of  the  effort  to  build  up  a  large  power  load  is  shown  in  the 
high  domestic  lighting  rates  at  Medicine  Hat. 

A  service  charge  of  50  cents  per  month  per  kilowatt  of  demand 
is  charged  at  Regina  against  the  customer.  It  is  maintained 
that  this  covers  the  so-called  "  customer  charge  '*  consisting 
of  the  costs  of  reading  meters,  billing,  etc.,  and  also  a  portion  of 
the  demand  charge  on  the  plant  which  consists  of  the  charges  on 
capital  to  maintain  capacity  in  the  station  ready  to  serve  custo- 
mers.    Flat  rates  are  also  still  in  existence  in  some  cities. 

Medicine  Hat,  Lethbridge  and  Calgary  charge  for  light  and 
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power  on  a  "sliding  scale*'  basis,  as  shown  in  Figs.  3  and  5.  In 
order  to  show  the  unfairness  of  rates  charged  on  this  basis  take 
for  example  the  Medicine  Hat  rates  to  two  consumers  using 
respectively  645  and  655  kw-hr.  per  month.  The  charges,  are  as 
follows: 


1st  consumer  645  kw-hr. 
2nd         "         655       " 


4i   =  $29.02 
4     =     26.20 


The  second  consumer  uses  10  kw^-hr.  more  than  the  first  con- 
sumer yet  actually  pays  $2.82  less  for  his  total  power.  No 
analysis  of  costs  could  possibly  justify  such  a  practise,  for  the 
smaller  consumer  is  manifestly  discriminated  against. 

It  has  been  pointed  out  that  the  large  consumer  is  entitled 


200    600 


1000    1400    1800    2200    2600    3000 
TOTAL  CONSUMPTION  PER  MONTH -KWHR. 


Fig.  5 — Monthly    Powek    C(xsts   to   Large   Consumers 


to  some  consideration  in  rates  but  these  should  he  adjusted  to 
the  cost  of  service.  Hence  if  an  analysis  of  costs  justifies  the 
Medicine  Hat  rate  of  say  4{  cents  per  kw-hr.  for  the  first  650 
kw-hr.  per  month,  then  the  constimer  should  pay  that  amount 
regardless  of  his  total  consumi)tion.  If,  however,  additional 
power  over  650  kw-hr.  can  be  provided  to  one  customer  at  a 
lower  cost  than  A\  cents  per  kw-lir.  then  tlie  consumer  is  entitled 
to  a  correspondingly  lower  rate  for  his  consumption  over  and 
above  the  first  650  kw-hr.  only. 

General  cost  curves  could  not  be  plotted  from  the  power  rates 
given  in  Table  VHI  for  the  cities  of  Kamloops,  Regina,  Moose 
Jaw  and  Winnipeg. 
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TABLE  VII.— RATES  FOR  LIGHTING. 


KAMLOOPS. 
Population  5500.  kw-hr.  generated  2.628.100 

Flat  Rate 10  c.  p.  16  c.  p. 

Each  light  per  month  (not  to  exceed  two  lights) 1 .  25  2 .  00 

Discount  if  paid  within  10  days — 20%. 
Meter  Rate. 

First      50  kw-hr 14  cents  per  kw-hr. 

Next      60       "     12 

Next    200       "     10    " 

Next    700       "      9    " 

Over  1000       "      8    " 

1  cent  per  kw-hr.  discount  will  be  allowed  if  paid  within  10  days  from  date  due. 

Meter  rent  25  cents  per  month. 

MEDICINE  HAT 
Population  9000.  kw-hr.  generated  3.050,070. 

Private  residential  lighting 8  cents  per  kw-hr. 

Business  lighting 6    "  **         " 

10^;^  discount  on  bills  paid  m  10  days. 

LETHBRIDGE 
Population  10.000.  kw-hr.  generated,  3.415.000. 

Up  to  100  kw-hr.  per  month 10  cents  per  kw-hr 

101  to  300         "       "         "     9" 

301  to  600         "       "         "     8    " 

Above  601         "       "         "    7    " 

10  per  cent  discount  on  bills  paid  in  10  days. 

MOOSE  JAW 
Population  20.000.  kw-hr.  generated  3,739.990. 

Lighting  Rate 7  cents  per  kw-hr 

Meter  Rental 25    "         "    month 

Minimum  charge 75    "         "         " 

10  per  cent  discount  on  bills  paid  in   10  days. 
Customers  may  also  use  two-rate  meters  on  which  a  charge  of  only  3  cents  per  kw-hr. 
is  made  for  light,  heating,  cooking  and  small  motors  during  ofT-peak  hours. 

Meter  Rental 25  cents  per  month 

Minimum  charge 3.00  per  month. 

10  per  cent  discount  on  bills  up  to  $40,  paid  in  10  days. 
15  per  cent  discount  on  bills  over  140.  paid  in  10  days. 

SASKATOON. 
Population  2,'),000.  kw-hr.  generated  8.873,642. 

First  100  kw-hr.  per  month 8  cents  per  kw-hr. 

Next    50 7    " 

All  over  150    "       "         "      6    " 

Minimum  monthly  charge  11.00. 

10  per  cent  discount  on  bills  paid  in  10  days. 

REGINA. 
Population  40.(XX).  kw-hr.  generated  9,315,355. 

First        .300  kw-hr.  per  month 7  cents  per  kw-hr. 

All  over  300        "         "         "     6    " 

Service  charge  50  cents  per  kw^.  of  demand. 
Burned  out  lamps  renewed  by  city  free  of  charge. 
10  per  cent  discount  on  bills  paid  in  10  days. 
Special  discounts  for  large  lighting  consumption. 
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EDMONTON 
Population  50.000.  kw-hr.  generated  21.927.089. 

1  to     100  kw-hr.  per  month lyi  cents  per  kw-hr 

101  to     400      "  "         "     7        " 

401  to   1000      "  "         "    6M    ** 

1001  to  2200      "  "         "    6 

All  over  2201     "  "         "    5K    * 

Minimum  monthly  charge  75  cents. 
No  discounts  allowed  on  accounts  less  than  11.00. 
5  per  cent  discount  on  bills  paid  in  10  days. 
The  following  schedule  cover  the  charges  for  sign  lighting : 

1  to       375  kw-hr.  per  month 5  cents  per  kw-hr. 

376  to     6000     "  "         "    3     "        " 

AU  over  6001      "  *'         "    2    " 

A  schedule  of  minimum  charges  per  kw.  of  connected  load  for  each  month  of  the  year  has 
also  been  prepared  but  is  not  quoted  in  this  paper. 

10  per  cent  discount  allowed  on  bills  paid  in  10  days. 

CALGARY. 
Population  80.000.  kw-hr.  generated  31.391.596. 

First  1000  kw-hr.  per  month 5  cents  per  kw-hr. 

AU  above  1000       "         "         "     4    " 

Minimum  charge  75  cents  for  the  first  kw.  of  connected  load  and  50  cents  for  each  addi- 
tional kw.  of  connected  load. 

10  per  cent  discount  on  bills  paid  in  10  days. 

WINNIPEG. 
Population  200.000.  kw-hr.  delivered  at  city  terminal 

62.493.162. 

Domestic  lighting 3i  cents  per  kw-hr. 

Minimum  monthly  charge  of  50  cents  per  meter. 

10  per  cent  discount  on  bills  paid  in  10  days. 
Commercial  lighting  sells  at  the  same  rate  but  with  a  net  minimum  monthly  payment  of 
f  1.00  per  kw.  of  connected  load  and  subject  to  certain  wholesale  discounts  for  large  con- 
tumption  not  quoted. 

TABLE  VIII.— POWER  RATES. 

KAMLOOPS. 
Population  5,500.  kw-hr.  generated  2.628.100. 

Five  classes  of  power  rates  are  in  effect.  A  for  small  motors;  B  for  medium  sized  motors; 
C  for  large  motors;  D  for  irrigation  pumping  and  E  for  heating  and  cooking  off-peak. 
Class  A  Power. 
16  per  h.  p.  per  year  plus 

First    60  kw-hr 6  cents  per  kw-hr. 

Next  100  '    "     4    " 

All  over  160  and  under  500  kw-hr 3    " 

CUm  B  Power. 

f6  per  h.  p.  per  year  plus 

First    600  kw-hr 3>i  cents  per  kw-hr. 

NextlOOO       "     2      " 

Over  1600  and  under  2500  kw-hr 2K    " 

ClAM  C  Power. 

16  per  h.  p.  per  year  plus 

Fiwt  2,600  kw-hr 3      cents  per  kw-hr 

Next         4.000      "    21^ 

Next         6.000      "     2 

Next       10.000      "    IK 

An  over  21.600      «    IK 
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Class  D.      Irrigating  only. 

First        2500  kw-hr 2'-^  cents  per  kw-hr. 

Next       2500        "     2 

All  over  5000        "     1'-;    " 

Class  E.     Heating  and  Cooking. 

Oflf-peak  load 3  cents  per  kw-hr. 

Meter  rent  for  all  classes,  25  cents  per  month. 

10  per  cent  discount  on  bills  paid  in  10  days. 

MEDICI.NE  HAT. 
Population  9000.  kw-hr.  generated  3.0.'.0.070. 

50  to       100  kw-hr.  per  month 6       cents  per  kw-hr. 

101  to        250 5 ' ;     " 

251  to        450        "        "  "      5 

451  to        650 43  i    " 

651  to        h'jid        "       "  "      4        "         "         " 

851  to     1.0.30 3,'i    " 

1051  to    2.0(J0        "       ••  ••      3 

2001  to    3.000        *•       "  "      2.';    " 

3(X)1  to    5.000 2 

5(X)1  to  25.000        "       "  "      IJi    " 

Over       25.000        "        "  "      1 

.Minimum  chargt-s.  5l.0(J  per  mor.th  per  h.  p..  single-phase  motors. 

$.50  pt-r  month  per  h.  p.  thnc-phase  mot-irs. 

The  following  disrounts  are  allowfl  on  bills  for  prompt  payment. 

For  the  first       $100    per  month  consumption no  discount: 

For  the  second  $1<J0      **  "  "  excess  over  $100     10  per  cent. 

For  the  third     $100       "  "  "  "  "     $200     20 

For  the  fourth  j'lOO       "  "  "  "         "     $30(J     30 

For  the  fifth      $100       '*  "  "  "         "     $4<X)     40 

From  $.VjO  to  $1000      '*  **  "  "  "     $5CX}     50  " 

Excess  over  $10»A)  "  •*  '*  "         "  60 

LETHBRIDGE. 
Popv.lation  lO.OOO.  kw-hr.  generated  3.415.000 

There  are  three  i.hedules  in  force,  the  Peak,  the  OfT-Pcak  and  the  Flat  Rates. 


Pkak    Schedule. 

Up     to       .50  k";s'-hr.  per  month 10      cents  per  kw-hr. 

50  to    250       "         "  "      6 

251  to    500       "  "  ••      5>^    " 

.'K)l  to  KKH)       '•  •'  "      5 

1001  to  30(X) •      4 

Over  30*>0  * 3M    " 

Off-Peak    SCHEin-LE. 

Up     to     ICKj  k'.v-hr.  per  month 10  cents  per  kw-hr. 

100  to    500       '*  "  "      5    *" 

5<.)1  to  10<KJ 4    "  "  ** 

1001  to  30(X) 3    " 

Over  3000 2    " 

10  per  cent  discount  on  bills  paid  in  10  days. 
To  obtain  these  ofl-peak  rates  the  consumer  must  install  a  time  switch  which  will  be 
under  the  co:itrol  of  the  Lity  an  1  be  .i.iyasted  by  the  Lity  to  cjniorm  to  the  following  hours. 
Between  the  hours  ot  1  a.m.  ^T.d  0  p.m.  frjm  February  1st  to  December  1st. 

"  "        *'        "    1  a.m.  arid  4.  31)  p.m.  from  December  1st  to  February  1st. 

Flat    Rates. 
These  are  quoted  only  for  large  sizes  of  motors  and  for  use  during  o£F-peak  hours  and  are 
not  given  here. 
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MOOSE  JAW 
Population  20,000.  kw-hr.  generated  3.739.990. 

Horser  power  of  Fixed  charges  per  h.  p.  per  Meter  rate  per 

motors  or  peak  load  month  or  per  h.p.  of  maximum  kw-hr.  of  consumption 

demand 

1  to  3 II  00 3.5 

4  to  10 1.00 3  0 

11  to  25 1.00 2.5 

26  to  50 1 .00 *. 2.0 

50  to  100 1.00 1.5 

Over  100 1.00 1.25 

Total  charge  equals  fixed  charge  plus  meter  charge. 
All  charges  are  classified  as  follows: 
Class  "  A  " — 24  hours  unrestricted  use     100  per  cent  of  base  rate. 
.«      ..  B  ••_24       "  restricted      "       90        "  "       "       " 

"      '•  C  "—10       "     unrestricted     "       90        "  "       "       " 

"      "D"     10       "  restricted     "66.6        "         "       "       " 

The  restricted  hoiirs  are  as  follows: 

October  15th  to  October  31st 5..10  to  6.30  p.  m. 

November  1st  to  November  30th 5.00  to  6.30  p.  .m 

December  1st  to  January  loth 4. .30  to  6. .'JO  p.  m. 

January  loth  to  February  16th 5.00  to  0.30  p.  m. 

February  16th  to  March  1st 5.30  to  6.30  p.  m. 

10  per  cent  discount  on  bills  paid  in  10  days. 

SASKATOON. 
Population  25.000.  kw-hr.  generated  8.873.642, 

First  750  kw-hr.  per  month 5  4    cpnls  per  kw-hr. 

Next  2250       "         "         "      3 .  25    " 

Next  10(X)       ••         "         ♦'     2.34    "         "         " 

Balance  over  4000 2  "         "         " 

Domestic  power 4  "         **         " 

Minimum  charge 12.00  per  month. 

10  per  cent  discount  on  Inlls  paid  in  10  days. 

REGINA. 
Population  40.000.  kw-hr.  generated  9.315,355. 

First       300  kw-hr.  per  month 5      cents  per  kw-hr. 

Second  300 4        "         "         " 

Third     300       "         "         "     3K    "         "         " 

AUin  excess  of  900  per  month 3        "         "         " 

Service  charge  of  50  cents  per  month  per  kw.  of  demand. 

The  city  uses  two-rate  meters  on  which  the  ofT-pt';ik  rates  are  as  follows: 

First  1000  kw-hr.  per  month 3       cents  per  kw-hr. 

Second  1000        "  "  "     2M    " 

All  in  excess  of  2000        "         "         "     2        "         " 

The  restricted  hours  arc  0  p.  m.  to  midniKht  from  April  1st  tr)  September  .'iOth.  from  5  p.m. 
to  midnight  during  March  and  October  and  from  4  p.  m.  to  midnight  from  November  Ist 
to  February  28th. 

10  per  cent  discount  on  bills  paid  in  10  days. 

EDMONTON. 
Population  50,000.  kw-hr.  generated  21,927,089. 

Domestic  power  not  used  for  commercial  purposes  costs  4  ce  its  per  kw-hr. 
Minimum  charge  50  cents  per  kw.  of  connected  load. 

General  Power  Rates. 

First  150  kw-hr.  per  month 3       cents  per  kw-hr. 

151  to       300        "         "         "     2y2    " 

301  to     5000        "         "  "     IM    " 

All  over  5000        "         "         "     1        **         "         " 

10  per  cent  discount  on  bills  paid  in  10  days. 
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The  minimum  monthly  charges  are  as  follows: 

(a)  Heating  or  apparatus  other  than  motors.  50  cents  per  kw.  of  connected  load. 

(b)  Single-phase  notors  up  to  3  h.  p..  50  cents  per  h.  p.  of  connected  load. 

(c)  Single-phase  motors  above  3  h.  p..  25  cents  per  month  per  h.  p.  of  connected  load. 

(d)  Three-phase  motors,  25  cents  per  h.  p.  of  connected  load. 

In  (a)  and  (b)  the  minimum  monthly  charge  is  11.00. 
In  (c)  and  (d)  the  minimum  monthly  charge  is  12.25. 

Stand-by  Service. 
A  minimum  charge  of  11.00  per  kw.  of  connected  load  per  month  is  made  for  this  service 
No  service  is  supplied  for  less  than  25  kw.  of  demand . 

CALGARY. 
Population  80.000.  kw-hr.  generated  31,391.596. 

1  to  750  kw-hr.  per  month 2      cents  per  kw-hr. 

751  to        1.750        "       *•  ••     1.8    • 

1751  to        3.500        "       ••  "    Iff" 

3501  to      12.500        "       "  "     1.3" 

All  above  12.500        "       "  "     1.1    " 

A  minimum  charge  of  50  cents  per  month  per  h.  p.  of  connected  load  is  made. 
When  the  current  is  used  during  off-peak  hours  only  and  the  amount  of  current  exceeds 
130  kw-hr.  per  connected  h.  p.  per  month,  the  following   discounts  are   allowed: 
5  per  cent  discount  for  consumptions  of  130  to  2.V)  kw-hr.  per  connected  h.  p.  per  month. 
10  per  cent  discount  for  consumptions  of  251  to  3(X)  kw-hr.  per  connected  h.p.  per   month. 
15  per  cent  discount  for  consumpti'«ns  over  300  kw-hr.  per  connected  h.  p.  per  month. 

WINNIPEG. 
Population  200.(KX).  kw-hr.  delivered  at  city 

terminals,  62,493.162. 
Electric  service  heating.  1  per  cent  per  kw-hr. 

Alternating-Current  Power  Rates. 
The  first  50  hours  use  per  month  of  total  connected  load  3Jc.  per  kw-hr. 

50        '  '  "  •'     2.3c. 

50        "        "        "  '•  "19 

50        "        "        "  *'        ••        •'  "  "      1   4c. 

50        "        *•        ••  "  "     1.1c. 

Excess  over  250        "       "       "  "        "        "  "  "     0  8c. 

Minimum  monthly  payment.  7.')  cents  per  h.  p.  of  total  connected  load. 
Prompt  payment  discounts  1  year  contracts  10  per  cent. 
3       '•  *•  13 

5       "  "         20 

All  the  above  rates  are  subject  to  the  following  wholesale  discounts: 

For  the  first       $100  per  month  consumption no  discount. 

"     "   second  $100    "  "  **  e.\cess  over  $100      10  per  cent. 

"     "   third     $100    "         "  "  •'         *'     $200     20       " 

"     "   fourth  $100    "  "  *'  "  "     $:iOO     30       " 

"     "   fifth       $100    "  "  "  "  "      $400     40       " 

From  $500  to  $1000  per  month  consumption "  *'     $300     50       " 

Excess  over  $1000      per  month  consumption "  **  60       " 


The  first  three  charge  a  fixed  sum  per  h.  p.  or  ])er  kw.  connected 
per  month,  plus  a  power  consumi)tion  charge.  Winnipeg  has  a 
system  of  charges  based  on  hours  of  demand.  How-ever,  if 
plotted,  the  power  rates  of  Regina  would  be  nearly  the  same  as 
those  of  Saskatoon,  while   Moose  Jaw  rates  would   likely  fall 
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between  Saskatoon  and  Edmonton  as  shown  in  Figs.  4  and  5. 
The  off-peak  schedules  of  the  different  cities  were  not  plotted. 

The  Kamloops  power  rates  could  not  be  easily  plotted. 

These  rates  were  plotted  in  curve  form,  not  particularly  to 
show  absolute  values,  but  to  show  how  size  of  plant,  cheap  hydro- 
electric power  and  cheap  fuel  affect  the  cost  of  power  to  the 
consumer.  Low  first  costs  of  plant  and  low  fixed  charges  have 
an  appreciable  effect  as  can  be  seen  by  comparing  these  curves 
with  the  figures  given  in  Tables  V  and  VI. 

The  rates  for  Calgary  are  the  lowest  in  the  West  with  the 
exception  of  Winnipeg,  due  largely  to  the  low  cost  of  hydro- 
eleqtric  power. 

The  Medicine  Hat  plant  serves  power  consumers  almost 
entirely  and  its  lighting  rates  are  therefore  high. 

Edmonton  rates  should  be  reduced  when  the  obsolescence 
charges  are  fully  met. 

Reductions  may  be  expected  in  the  rates  of  the  other  cities 
in  proportion  to  the  growth  of  the  plant  load,  (for  all  of  the 
power  plants  are  now  operating  under  nonnal  loads)  and  with 
improvement  of  their  load  factors. 

A  comparison  of  Tables  V  and  VIII  shows  that  in  many  cities 
rates  for  power  are  quoted  at  less  than  net  cost  and  often  at  less 
than  production  cost.  It  is  held  that  power  loads  are  necessary 
to  build  up  the  load  factor  and  to  increase  the  total  output  of  the 
plant.  In  this  way  the  cost  per  unit  will  be  reduced.  On  the 
other  hand,  it  is  evident  that  if  such  consumers  do  not  pay  their 
proportion  per  unit,  of  the  fixed  charges  and  other  costs,  then 
other  consumers — generally  those  using  lighting  only — are 
forced  to  pay  an  unduly  lartjc  pro])ortion  of  the  costs  if  the  utility 
is  to  meet  its  expenses.  In  such  cases  there  is  discrimination 
in  favor  of  the  large  power  users,  who  enjoy  special  ]jrivileges  at 
the  expense  of  the  smaller  consumers.  This  is  unjust  and  the 
public  can  demand  that  this  practise  be  stopped. 

Another  argument  is  that  a  low  rate  is  quoted  by  the  city  as 
an  inducement  to  industries  to  locate  in  its  Hmits.  It  is  main- 
tained that  any  loss  resulting  from  this  low  rate  is  more  than 
offset  by  the  benefits  the  city  receives  from  having  such  an  in- 
dustry in  its  boundaries.  This  in  the  abstract  amounts  to  a 
bonus  to  such  an  industry.  The  injustice  of  this  plan  lies  in  the 
fact  that  only  the  consumers  of  electricity  pay  this  bonus,  which 
logically  should  be  paid  in  taxes  by  all  the  property  owners  if 
the  municipality  desires  to  give  such  aid  to  an  industry. 
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But  on  the  other  hand,  the  costs  of  service,  of  meter  readings 
and  of  office  work  are  much  less  in  the  case  of  the  large  consumer 
than  where  the  demand  is  small,  and  it  is  perfectly  reasonable 
that  he  should  be  quoted  a  lower  rate  on  these  grounds.  Never- 
theless it  is  difficult  to  justify  rates  that  do  not  cover  the  total 
operating  costs  plus  fixed  charges  plus  a  portion  at  least  of  the 
distribution  and  office  expenses.  If  the  rates  are  based  on  ser- 
vice charges,  it  is  proper  for  the  large  consumer  to  pay  an  equit- 
able share  of  capital  charges  for  his  maximum  demand  on  the 
station  just  the  same  as  in  the  case  of  the  smaller  user. 

The  Winnipeg  power  rates  deserve  notice.  The  base  rate  does 
not  vary  with  the  size  of  the  electrical  demand,  but  varies  with 
the  duration  of  this  demand  per  month.  The  logic  of  this  rate 
is  sound  for  it  is  evident  that  no  consumer  using  power  for  6ver 
50  hours  per  month  could  have  this  all  on  during  the  peak  load 
hours.  Thus  a  consiuner  using  all  his  power  for  200  hours  per 
month  provides  a  load  two-thirds  of  which  under  any  circum- 
stances, must  occur  during  off-peak  hoiu's.  The  large  consumer 
only  benefits  by  the  liberal  discounts  given  along  with  the  rates. 

The  primary  lighting  rates  in  these  Canadian  cities  have 
apparently  been  adjusted  to  favor  the  small  consumer.  The 
distance  from  oil-producing  territory  makes  kerosene  an  expen- 
sive commodity.  Hence  in  many  cities,  even  the  smallest  house- 
holders find  it  not  only  more  convenient  but  more  economical 
to  use  municipal  electric  light  than  to  bum  kerosene  lamps  and 
these  consumers,  especially  in  those  cities  with  minimum  charges, 
provide  a  very  considerable  portion  of  the  total  revenue.  In 
general  the  primary  rates  of  cities  in  the  United  States  exceed 
those  of  cities  of  similar  size  in  Western  Canada.  Only  a  com- 
plete investigation  by  a  public  utility  commission  would  show 
whether  or  not  the  small  consumers  are  unduly  favored  in  the 
latter  cities. 

A  survey  of  the  rates  of  privately  owned  plants  in  cities  of 
similar  size  in  Wisconsin  as  reported  by  the  Railroad  Commission 
of  that  state  and  in  Massachusetts  as  reported  by  the  Board  of 
Gas  and  Electric  Light  Commissioners,  indicates  that  in  general 
their  rates  are  considerably  higher  both  for  light  and  power  than 
in  the  municipality  owned  utilities  of  these  Canadian  cities. 

While  it  is  possible,  as  already  pointed  out,  that  in  some  of 
these  municipal  undertakings  adequate  provision  is  not  made  for 
depreciation  and  obsolescence,  in  most  cases  this  could  be  pro- 
vided out  of  surplus  without  appreciably  affecting  rates.     Why 
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then  should  the  Canadian  cities  be  able  to  provide  such  rates? 
In  the  first  place  these  utilities  have  no  promotion  or  franchise 
expenses  to  capitalize  and  on  which  to  earn  a  return.  Nor  have 
they  capitalized  "going  value"  or  **  good-will."  In  these  partic- 
ulars they  have  a  decided  advantage  over  the  cities  with  pri- 
vately owned  plants. 

Another  feature  is  that  in  adjusting  rates  in  privately  owned 
plants,  present  value  must  necessarily  be  considered.  In  a 
growing  city,  property  increases  rapidly  in  value  and  a  private 
company  is  rightly  entitled  to  earn  money  on  the  present  value 
of  its  holdings  or  otherwise  it  would  not  pay  the  company  to 
retain  the  property.  In  municipal  enterprises  any  increment  in 
value  belongs  to  the  city  and  does  not  need  to  be  capitalized  for 
rate  making,  although  increasing  the  available  assets  of  the 
utility  and  thus  proving  of  value  in  issuing  securities. 

A  third  factor  is  the  matter  of  retiu*ns  on  the  investment. 
The  Wisconsin  Commission  has  ruled  that  companies  are  en- 
titled.to  rates  of  from  7  to  8  per  cent  on  their  investment  in  order 
that  capital  may  be  induced  to  invest  in  them. 

The  Board  of  Gas  and  Electric  Light  Commissioners  of  Massa- 
chusetts report  for  1914,  dividends  in  privately  operated  electri- 
cal utilities  ranging  from  5  to  22  per  cent.  It  is  probable  that 
those  earning  the  biggest  dividends  are  undercapitalized  or  that 
the  plant  has  been  largely  built  out  of  earnings.   • 

The  Canadian  municipally-operated  utilities  are  financed  by 
debentures  bearing  from  4^  to  6  per  cent  interest.  It  is  at  once 
evident  that  there  is  an  appreciable  saving  in  this  method  of 
financing  over  that  of  private  companies.  This  saving  results 
in  correspondingly  lower  rates  to  the  customers  of  these 
utilities. 

Finally  the  municipally  owned  utilities  do  not  require  a  set 
of  directors  and  higher  officials  who  often  draw  extravagant 
salaries  taken  from  earnings.  The  executive  administration  of 
these  utilities  is  generally  quite  simple  and  efficient,  the  only  high- 
salaried  officials  being  the  commissioner,  the  superintendent  and 
the  electrical  engineer.  Furthermore,  it  is  not  possible  to  milk 
the  municipal  utility  for  exorbitant  fees  for  promotion  and  legal 
purposes  and  for  receiverships  and  reorganizations.  There  is 
also  no  chance  to  manipulate  earnings  by  means  of  subsidiary 
companies  who  supply  power,  own  roadbeds  or  have  othe.-  favor- 
able concessions  that  enable  them  to  take  the  cream  from  the 
profits  of  the  utility  itself. 
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Central  Heating  Systems 

\    t\t    r-rAirie  provinces  heat  and  pure  water  for  cities  are 

..r^,:,tv  ncv-x?ssities,  the  first  to  permit  existence  in  cold  weather, 

,  s   ^r.'>r^v^*  ^>-  account  of  the  pollution  of  much  of  the  local  water 

\;^}  H'W.i   or  river  mud.     Light  is  less  necessary  than  the 

vt^^  *wo       The  people  of  these  cities  have  cooperated  in  the 

^tMV^'shT^HMit  of  their  municpal  plants  to  supply  light  and  water 

^,lt  VsKic  ivom  the  natural  gas  supply  at  Medicine  Hat,  have 

t  ^kvn    no  steps  to  cooperate  in  the  economical  generation  and 

ilT^ritMJtion  of  heat.     They  do  not  seem  to  appreciate  at  full 

'-  !u^  the  ease  with  which  such  a  central  heating  system  can  be 

1  ^tftllod  and  operated,  and  the  satisfactory  financial  and  eco- 

^  oVio  results  that  would  be  obtained  from  it.     However,  it  must 

l^l^.^.pt  in  mind  that  a  large  portion  of  the  population  emigrated 

r>om    Europe  where  such  cooperative  methods  of  heating  are 

nknown.     Hence  this  system  is  not  understood  and  its  full 

v.-^hio  has  not  been  appreciated. 

Hence  none  of  these  municipal  i)lanls  has  made  any  attempt 
>  develop  exhaust  steam  central  heating  in  connection  with  its 
nvor  plant.  This  would  a|)j3ear  to  be  a  promising  field  to 
o\pl(Mt  in  those  cities  where  coal  is  expensive  and  the  winters 
1  MTC  and  cold,  as  in  Saskatchewan.  Where  the  power  plant  is 
vntrallv  located,  it  should  not  be  a  difficult  proposition  to  build 
tunnels  at  least  through  the  business  section  for  steam  pipes, 
^Uvtric  wiring,  etc.  and  to  derive  a  very  profitable  return  there- 
{x\^\n.  It  should  be  possible  to  provide  heat  to  consumers  at  a 
lower  cost  than  by  present  methods.  The  conditions  at  Saska- 
t^H>n  seem  to  be  favorable  for  this  purpose  as  the  old  reciprocating 
onci^^^'  could  supply  much  of  the  exhaust  steam  needed.  The  old 
station  at  Regina  could  also  be  utilized  for  similar  purposes  and 
need  operate  only  during  the  heating  season. 

General  Remarks 

The  municipal  electric  light  and  jjower  utilities  of  these  West- 
ern cities  have  on  the  whole  been  run  efficiently.  Their  rates  are 
in  general  fair  and  reasonable  and  com])are  very  favorably  with 
those  existing  in  cities  of  the  same  size  in  the  United  States  where 
private  corporations  have  control. 

The  public  in  these  Western  cities  takes  a  great  interest  in  all 
utilities  and  this  in  a  large  measure  has  made  them  keep  up-to- 
date  in  equipment  and  organization.  The  economic  effects  of 
the  low  rates  have  not  become  apparent  largely  because  the  real 
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estate  booms  and  inflated  land  values  have  offset  the  benefits 
of  these  rates. 

Mistakes  have  been  made  in  the  past  in  the  location  and  con- 
struction of  electrical  plants  and  in  the  selection  of  machinery. 
Most  cities  now  have  comprehensive  plans  prepared  for  plant  ex- 
tensions and  only  radical  changes  in  prime  mover  designs  would 
seriously  interfere  with  carrying  these  out.  The  introduction 
and  development  of  the  steam  turbine  was  such  a  change.  At 
present,  however,  it  does  not  seem  likely  that  another  new  form 
of  prime  mover  will  be  produced  for  a  while  at  least. 

It  was  a  difficult  matter  to  form  any  definite  conclusions  as  to 
the  character  of  ser\dce  rendered  by  these  municipally  owned 
utilities.  Since  the  war  broke  out,  their  electrical  loads  have 
been  light  and  therefore  they  have  been  able  to  give  excellent 
service  as  regards  voltage  control,  lack  of  interruption,  etc.  It 
was  therefore  necessary  to  make  inquiries  over  a  period  of  years 
and  these  developed  some  interesting  facts. 

During  the  period  of  rapid  growth  in  these  cities  the  councils 
of  the  time  were  so  engrossed  in  street  extension,  pavements, 
water  projects,  etc.,  that  they  could  spare  but  little  attention  or 
funds  for  electrical  plant  needs.  In  consequence  the  plant  was 
allowed  to  become  overloaded  from  lack  of  sufficient  equipment 
to  properly  handle  natural  increase  of  load.  A  series  of  interrup- 
tions in  service  would  forcibly  call  the  attention  of  the  public  to 
the  critical  conditions  existing  in  the  plant.  Then  a  demand 
would  be  made  for  instant  action  and  machinery  would  be  pur- 
chased in  many  cases  solely  on  the  speed  of  delivery  without 
particular  attention  being  given  to  the  ultimate  station  plans. 
This  phase  of  municipal  operation  could  be  corrected  by  a  utilities 
commission,  which  would  have  authority  to  regulate  service 
before  extreme  conditions  existed. 

The  administration  of  these  utilities  as  has  already  been  pointed 
out,  is  in  the  hands  of  either  a  commissioner,  a  superintendent 
or  an  electrical  engineer  and  when  these  are  free  from  inter- 
ference on  the  part  of  the  council,  the  utility  is  administered  well 
and  economically. 

In  a  recent  discussion  of  municipal  plant  operation  in  Okla- 
homa, Prof.  Bozell  makes  the  following  statement: 

In  practically  every  case  where  a  cash  surplus  of  any  size  was  revealed, 
as  well  as  in  every  case  in  which  efficient  operation  and  an  intelligible 
accounting  system  were  found,  there  proved  to  be  someone  in  the  munici- 
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pality  who  was  devoting  a  large  part  of  his  time  to  the  handling  of  the 
plant  without  any  charge  to  the  municipality. 

A  review  of  the  utilities  of  Western  Canada  does  not  reveal 
any  such  condition  to  exist  in  these  cities,  for  with  the  exception 
of  Kamloops,  the  municipalities  are  large  enough  to  employ 
competent  superintendents. 

In  Manitoba,  a  public  service  commission  has  authority  over 
public  utilities.  A  similar  commission  has  been  appointed  in 
Alberta  since  this  investigation  was  made.  But,  at  present 
there  is  no  executive  board  in  either  British  Columbia  or  Sas- 
katchewan with  such  authority.  Hence  the  municipal  enter- 
prises of  these  provinces  are  at  the  tender  mercies  of  the  common 
councils  of  the  cities  and  towns.  Such  bodies  have  frequently 
in  the  past  committed  their  municipalities  to  ill-advised  exten- 
sions. It  would  seem  advisable  to  have  an  executive  board  in 
each  province  organized  along  the  line  of  the  railroad  commission 
of  Wisconsin,  who  would  have  the  necessary  executive  authority 
and  with  duties  about  as  follows: 

(a)  To  pass  on  all  new  extensions  and  expenditures  of  public  utilities 
and  to  see  that  funds  are  spent  on  the  improvements  for  which  they  are 
set  aside. 

(b)  To  receive  and  approve  financial  reports  of  the  utilities  and  to  ad- 
just sinking  funds  and  depreciation  charges. 

(c)  To  adjust  equitable  rates  without  discrimination  and  to  scrutinize 
the  disposal  of  surplus. 

(d)  To  establish  standards  of  service  that  the  utilities  can  meet  and 
that  customers  can  reasonably  demand.  Owing  to  changes  in  the  state  of 
the  art,  these  standards  require  frequent  revision.  Such  changes  usually 
result  in  improvement  of  service  frequently  at  a  lower  cost. 

(e)  To  collect  engineering  data  and  to  provide  engineering  assistance 
to  municipalities  undertaking  new  enterprises.  The  commission  should 
also  be  empowered  to  pass  on  the  plans  of  all  new  projects. 

(f)  To  advise  with  municipal  authorities  regarding  the  floating  of 
debentures  and  to  assist  in  a  material  way  in  marketing  these.  In  many 
cases  those  in  charge  of  the  financial  affairs  of  small  towns  have  never 
had  experience  in  these  matters  and  competent  assistance  and  advice 
would  be  most  welcome. 

Such  a  board  should  consist  of  only  highly  trained  men  ex- 
perienced in  this  work  and  should  preferably  have  three  members, 
an  engineer,  an  accountant  and  an  economist.  On  no  account 
should  a  man  with  a  political  record  be  allowed  a  place  on  such  a 
board.  In  fact,  it  might  be  even  advisable  to  appoint  men 
from  outside  the  provinces  who  would  thus  be  free  from  local 
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prejudices  and  political  affiliations.  The  board  could  act  in  an 
advisory  capacity  for  municipalities  on  all  matters  dealing  with 
utilities.  Such  control  would  have  prevented  many  of  the  mis- 
takes made  in  the  needless  extension  of  utilities  and  would  have 
insisted  on  sound  financial  conditions  in  all  utilities. 

The  establishment  of  such  a  commission  would  not  necessarily 
curtail  the  control  of  any  municipality  over  its  own  utilities. 
The  local  councils  would  still  have  the  power  to  regulate  rates, 
etc.,  subject  only  to  review  by  the  utilities  board  on  appeal  by 
one  of  the  local  consumers. 

A  further  function  of  such  a  board  would  be  to  exercise  execu- 
tive control  over  the  surburban  and  interurban  activities  of  the 
utilities.  Difficulties  frequently  arise  in  regard  to  the  control, 
the  rates  and  the  service  outside  the  municipal  boundaries  and 
beyond  the  control  of  of  the  city's  authorities.  These  could  be 
equitably  adjusted  by  the  commission. 

Another  useful  activity  of  such  a  commission  would  be  the 
standardization  of  the  accounting  systems  of  the  various  utili- 
ties. The  difficulties  met  with  in  preparing  the  summary  given 
in  Table  IV  and  the  difference  of  opinion  as  to  its  accuracy  as 
regards  distribution  of  expense,  make  evident  the  need  of  such 
standardization  if  comparisons  are  to  be  made  between  the  costs 
of  different  cities.  Several  of  the  public  utility  commissions  in 
the  United  States  have  standardized  utility  accounting  in  a 
satisfactory  manner. 

Such  mistakes  as  have  been  made  by  the  executives  of  these 
municipal  undertakings  have  not  been  intentional  nor  due  to 
carelessness.  Generally  these  errors  were  in  connection  with 
matters  with  which  the  official  had  no  previous  experience  and  at 
the  moment  lacked  competent  counsel.  The  inauguration  of  a 
friendly  spirit  of  cooperation  between  utility  executives  and  the 
proposed  commission  would  do  much  to  materially  improve 
matters  in  the  future,  for  the  commission  could  be  called  on  for 
consultation  whenever  new  difficulties  were  encountered. 

Conclusions 
In  the  preceding  discussion,  emphasis  has  been  placed  on  cer- 
tain principles  that  should  be  applied  to  the  organization  of 
municipally  owned  utilities.     These  may  be  briefly  summarized 
as  follows: 

(1)  The  utility  should  be  entirely  self-supporting,  and  consumers  should 
be  charged  such  rates  that  the  returns  will  meet  all  the  usual  expenses  of 


86  CHRISTIE:  MUNICIPAL  OPERATION  [Feb.  8 

the  business  but]] will  not  provide  balances  to  be  used  in  extensions  or« 
improvements  or  to  offset  losses  in  other  departments. 

(2)  The  Utility  should  be  under  the  direction  of  a  single  commissioner  or 
superintendent  holding  office  on  good  behavior  and  who  should  be  given 
a  free  hand  to  develop  the  utility  without  political  or  civic-council  inter- 
ference. 

(3)  The  utility  should  bear  its  portion  of  the  cost  of  general  municipal 
government  through  assessment  and  taxation.  The  latter  should  be  paid 
from  revenue  and  the  rates  to  consumers  should  be  adjusted  to  provide 
these  funds.  ^ 

(4)  The  utility  should  be  financed  by  means  of  serial  bonds  instead  of 
long  term  debentures  and  all  such  issues  should  equal  only  the  life  of  the 
improvement  they  are  intended  to  cover. 

(5)  Obsolete  machinery  should  be  written  off  the  books  at  once,  either 
by  using  surplus  funds  or  by  increasing  rates.  Depreciation  or  replace- 
ment funds  should  be  set  aside  from  revenue  to  provide  for  the  renewal 
of  the  plant  when  worn  out. 

(6)  An  emergency  reserve  fund  of  moderate  amount  should  be  accumu- 
lated out  of  surplus  to  meet  extraordinary  contingencies. 

(7)  All  improvements  and  extensions  should  be  financed  by  additional 
bond  issues  and  not  from  surplus  funds. 

(8)  The  net  surplus  of  the  utility  should  be  distributed  in  the  form  of 
proportional  rebates  to  consumers. 

(9)  A  public  utility  commission  should  supervise  the  finance,  account- 
ing, rates  and  administration  of  the  municipal  as  well  as  privately  owned 
utilities  of  each  province. 

The  preceding  discussion  of  facts  and  conditions  connected 
with  the  organization,  financing,  operation,  rates  and  service  of 
the  electric  light  and  power  utilities  of  these  cities  of  Western 
Canada,  leads  one  to  the  following  conclusions  in  regard  to  the 
general  criticisms  of  municipally  owned  public  utilities  stated  in 
the  opening  paragraphs  of  this  paper. 

(1)  The  rapid  growth  of  these  cities  has  forced  the  executives  of  their 
utilities  to  make  frequent  extensions  to  their  plants  which  on  the  whole  are 
therefore  well  equipped  with  modern  and  efficient  machinery  and  provide 
satisfactory  service. 

(2)  Rates  for  lighting  and  power  are  as  low  and  in  many  cases  lower 
than  those  in  force  in  cities  of  similar  size  in  the  United  States  and  are 
reasonable  charges  for  the  service  rendered. 

(3)  Accounting  as  a  rule  is  now  carefully  done  and  the  utility's  finances 
are  isolated  from  other  accounts.  Some  of  the  methods  of  financing  as 
regards  debentures,  sinking  fund,  depreciation  and  surplus  are  open  to  some 
criticism  as  shown  in  the  preceding  discussion. 

(4)  Most  of  these  utilities  have  been  fortunate  in  having  good  organiza- 
tion with  competent  executives. 

(5)  There  may  be  isolated  cases  where  politics  has  influenced  the 
management  of  the  utility.     But  there  was  nowhere  evidence  of  the 
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application  of  the  "  spoils  system  "  to  the  municipal  plants  and  in  the 
majority  of  cases,  the  utility  has  been  tolerably  free  from  political  inter- 
ference. 

It  must  not  be  assumed  that  this  paper  is  an  endorsement  of 
public  ownership.  An  effort  has  simply  been  made  to  present 
the  facts  that  came  to  hand  during  visits  to  the  various  cities, 
without  bias  either  for  or  against  municipal  ownership.  If  this 
article  seems  to  favor  municipal  ownership  or  control,  it  is  only 
because  the  facts  as  they  .were  found,  pointed  in  that  direction. 
Such  criticism  and  suggestions  as  have  been  made  in  this  discus- 
sion are  offered  in  a  friendly  spirit  and  in  the  hope  that  they  may 
prove  of  benefit  to  these  Western  cities.  In  conclusion,  the  writer 
wishes  to  acknowledge  the  great  assistance  rendered  him  by  the 
officials  of  these  cities  in  the  collection  of  data  and  in  the  inspec- 
tion of  plants  and  systems. 
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Discussion  on  "  The  Municipally-Operated  Electrical 
Utilities  of  Western  Canada"  (Christie).  New  York, 
Feb.  8,  1916. 

Philander  Betts:  I  think  of  all  those  who  are  opposed  to  munic- 
ipal ownership,  those  that  know  most  about  it  are  the  engineers 
and  operators,  etc.,  of  utilities.  Among  those  who  favor  munici- 
pal ownership  and  operation,  I  think  we  will  find  only  a  small 
number  of  engineers.  The  others  are  economists,  publicists, 
politicians,  most  of  whom  are  honest,  but  the  list  includes  dema- 
gogues and  others  whose  arguments  are  based  on  personal  bene- 
fit. 

In  the  observation  of  the  operation  of  utilities  in  the  State  of 
New  Jersey  during  the  past  five  years,  and  during  the  past  three 
years  more  particularly,  since  the  Commission  has  prescribed 
classification  of  accounts  and  has  called  for  annual  reports  from 
municipally-operated  utilities,  there  has  been  an  opportunity  to 
observe  the  operations  of  these  utilities,  and  what  stands  out  most 
markedly  is  the  chaotic  way  in  which  they  are  operated  and 
managed.  The  condition  in  Western  Canada  appears  to  be  quite 
different,  and  brings  out  some  things  that  I  think  we  have  all 
got  to  take  accoimt  of. 

I  think  the  paper  sounds  a  word  of  warning,  in  a  way,  and  I 
want  to  point  out  what  that  is.  In  the  first  place,  municipal 
financing  is  based  on  a  theory  different  from  the  theories  on 
which  our  ordinarily  operated  public  utilities  are  financed.  The 
publicly  owned  utility  or  project  of  any  kind  is  financed  on  the 
theory  that  it  will  suffice  for  this  generation  or  for  the  life  of  the 
project,  and  that  a  scheme  of  financing  must  be  worked  out  so 
that  any  bonds  issued  to  pay  for  that  project  must  in  some  way  be 
taken  up  by  the  time  that  project  is  worn  out,  in  this  way  leav- 
ing the  future  generation  free  to  finance  its  own  projects  and 
determine  for  itself  whether  it  will  renew  them.  This  applies 
to  projects  other  than  utilities,  and  includes  roads,  school  houses 
and  other  public  matters. 

In  regard  to  public  utilities  which  are  privately  owned,  we 
are  working  on  a  theory  that  these  things  go  on  forever,  perhaps 
not  as  they  are  at  present  constructed,  but  in  some  form,  and  our 
financial  schemes  are  based  on  the  idea  that  they  will  go  on  for- 
ever, that  they  must  be  maintained  and  replaced  as  they  become 
worn  out,  and  that  the  capitalization  needed  to  construct  them 
continues  and  is  not  entirely  retired  at  any  time. 

This  latter  method  of  financing,  if  all  other  things  were  equal, 
would  really  mean  cheaper  rates,  if  the  capitalization  is  not  re- 
tired. That  is  a  mathematical  problem,  capable  of  demonstra- 
tion with  a  little  trouble,  but  not  a  matter,  I  think,  which  is 
worth  while  going  into  now. 

In  order  to  know  definitely  whether  municipally-operated 
utilities  are  any  better  than  privately-owned  utilities  we  must 
have  proper  methods  of  financing,  proper  methods  of  recording 
the  various  transactions  involved  in  the  construction  of  the  plants 
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and  of  recording  the  transactions  involved  in  the  operation  of  these 
plants,  and  the  accounting  systems  must  be  imposed  by  some 
power  superior  to  the  municipal  authorities.  In  New  Jersey 
our  greatest  difficulty  has  been  to  place  the  responsibility. 

Last  year  twelve  of  the  municipalities  in  New  Jersey  operating 
water  departments  were  summoned  by  the  Commission  to  explain 
why  they  had  not  furnished  a  full  report  of  the  operations  for  the 
preceding  year.  In  each  case  the  Mayor  or  the  Clerk  of  the 
Council,  or  some  official,  tried  to  throw  the  responsibility  on  some 
one  else,  and  it  developed  that  almost  all  municipal  operations 
are  conducted  on  what  to  a  business  man  is  an  inexcusably  chao- 
tic basis.  Receipts,  revenues  from  the  operation  of  the  munici- 
pal utility,  are  considered  and  handled  like  any  other  municipal 
revenue.  They  are  taken  up,  handled  and  carried  along  in  the 
same  accounts  with  taxes,  with  license  fees,  and  with  other  rev- 
enues. The  costs  of  operating  a  municipal  utility,  on  the  other 
hand,  usually  come  out  of  the  proceeds  from  taxes. 

Without  a  proper  system  of  accounting  no  one  knows  whether 
the  system  is  operating  successfully  or  not,  from  a  financial 
standpoint,  and  to  my  mind  that  is  clearly  improper.  There  are 
a  few  cases  that  stand  out  in  considerable  contrast,  in  which  the 
utilities  are  operated  as  a  business  proposition,  in  which  the 
revenues,  expenses,  and  all  the  accounts  are  handled  through  one 
department  in  such  a  way  as  to  show  whether  the  project  oper- 
ates at  a  gain  or  a  loss. 

In  making  a  proper  comparison,  however,  Prof.  Christie  has 
called  attention  to  the  matter  of  taxation.  To  show  how  im- 
portant it  is  that  all  municijjal  utilities  should  pay  their  taxes 
just  like  any  other  utility,  I  want  to  call  attention  to  a  condition 
in  one  of  the  counties  in  New  Jersey,  consisting  of  about  twelve 
municipalities.  Ten  of  these  municipalities  own  their  own  water 
departments  and  two  of  these  municipalities  are  served  with 
water  by  private  companies.  In  the  system  of  taxation  in  force 
in  New  Jersey  a  part  of  the  tax  money  furnished  by  the  munici- 
palities goes  to  the  county  to  support  the  operations  of  the  county 
and,  therefore,  a  tax  collected  in  one  municipality  is  of  benefit, 
in  a  way,  to  all  of  the  municipalities  within  that  county.  If 
the  water  companies  in  these  two  out  of  the  twelve  municipalities 
pay  their  full  share  of  taxes  a  large  portion  of  that  tax  is  expended 
for  improvements  in  the  other  ten  municipalities. 

That  condition  is  recognized  by  many  of  the  municipalities 
in  New  Jersey,  and  has  led  to  a  s\  stem  of  trading,  by  which  the 
municipalities  have  said,  or  a  particular  municipality  has  said,  to 
the  water  company — "  we  don't  want  you  to  pay  taxes  and  in 
turn  we  will  not  pay  for  the  municipal  water  service  that  we  get 
for  our  City  Hall  and  School  Buildings  and  Fire  Houses,  and  in 
many  cases  for  the  fire  hydrants.  We  will  just  exchange  credit 
for  these  things,  and  we  recognize  that  we  as  a  municipality, 
and  our  citizens  within  our  municipaUty  will  be  better  oil,  we 
will  keep  within  our  municipality  the  full  amount  of  money  that 
would  be  paid  by  that  utility  in  the  form  of  taxes." 
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Is  that  a  proper  state  of  affairs?  .  I  think  not,  and  I  think  that 
shows  the  necessity  for  every  utility  to  pay  its  own  taxes,  whether 
it  is  municipally  operated  or  not,  provided  any  utility  is  to  pay 
taxes,  and  it  appears  to  be  a  well  established  thing  that  all  prop- 
erty is  to  be  taxed  as  we  now  understand  these  things. 

There  is  another  feature  which  is  very  important  in  the  opera- 
tion of  a  mtmicipal  utility.  In  a  few  cases  in  this  coimtry — 
Anderson,  Indiana,  is  one — the  service  of  the  utility  is  paid  for 
at  regular  rates.  Every  bit  of  service  furnished  by  the  utility, 
service  for  the  lighting  of  the  school  houses,  of  the  police  stations, 
and  other  mtmicipal  buildings  should  be  paid  for  in  accordance 
with  the  regular  rate.  Street  lighting  service  should  be  paid 
for,  taxes  should  bfe  levied,  actually,  for  that  specific  purpose, 
and  credited  to  the  utility,  just  as  they  would  be  if  that  utility 
was  operated  by  a  private  corporation. 

A  municipally-operated  utility  ought  not  to  confine  itself,  if  it  is 
to  do  its  proper  duty  to  the  public,  solely  to  any  matter  of  street 
lighting.  It  ought  to  be  treated  like  any  other  utility,  considered 
as  a  natural  monopoly,  and  not  only  be  allowed  to,  but  required 
to  furnish  every  class  of  service  needed  in  that  municipality. 
It  ought  to  do  the  lighting,  other  than  street  lighting,  provide 
all  the  necessary  industrial  power,  and  all  current  required  in  the 
municipality  for  any  ordinary  purpose. 

Now,  let  us  consider  this  question:  If  every  utility  was  treated 
exactly  the  same  way,  financed  in  a  proper  way,  kept  its  opera- 
ting accoimts  in  a  way  to  show  the  real  result,  and  if  there  was  an 
equal  amount  of  efficiency  displayed  in  the  financing,  construction 
and  operation,  then  would  there  be  an  advantage  to  the  munici- 
pality that  owned  its  own  utility?  There  might  be  in  this  one 
way — in  the  regulation  of  rates  we  are  often  confronted  with 
claims  for  value  which  have  no  basis  in  connection  with  the  in- 
vestment. The  investment  itself  might  be  made  up  or  con- 
sidered as  of  two  parts,  actual  investment  in  the  physical  prop- 
erty and  everything  that  goes  with  that,  and  the  investment,  just 
as  much  an  element  of  cost  as  anything  else,  that  comes  from  the 
lack  of  earnings  in  the  early  years,  lack  of  profits,  and  the  un- 
earned depreciation  which  must  not  be  forgotten. 

Instead  of  setting  up  a  claim  for  a  value  as  a  going  concern, 
which  is  the  value  that  ought  to  be  taken  into  account  in  a  case 
where  one  purchases  a  property  as  a  going  concern,  or  where  prop- 
erty is  sold, — ^in  claiming  a  value  of  that  kind,  I  think  we  get 
away  from  the  proper  basis,  arid  that  is  the  investment; — a  just 
consideration  of  the  investment  will  take  into  account  not  an 
element  known  as  going  concern  but  an  element  that  may  be 
about  the  same,  mathematically.  It  may  be  far  in  excess  of  any 
so-called  going  concern  value  or  it  may  be  less,  and  that  is  "  cost 
of  establishing  the  business.**  That  includes  this  lack  of  earn- 
ings in  the  early  years,  lack  of  profits  as  time  goes  on,  and  this 
unearned  depreciation  due  to  the  gradual  and  growing  obsoles- 
cence of  plants  and  the  necessity  for  replacing  them  before  a 
reserve  has  been  accumulated  to  provide  for  that  purpose. 
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If  the  claims  set  up  by  the  company  extends  that  far  and  no 
further,  then  there  can  be  no  advantage  whatever  that  can  accrue 
from  municipal  ownership,  provided  that  in  connection  with  own- 
ership by  municipalities  the  financing  and  accounting  and  all 
operating  conditions  shall  be  carried  on  in  exactly  the  same  way 
that  must  be  done  by  any  efficient  business  organization  carrying 
on  the  same  class  of  w^ork. 

Henry  G.  Stott:  The  fundamental  point,  it  seems  to  me  is 
this. — Is  there  any  difference  between  a  municipally  owned 
plant  and  a  privately  owned  plant?  EHher  a  municipality  or 
a  private  individual  can  buy  efficient  apparatus,  one  can 
construct  as  efficient  a  plant  as  the  other.  The  next  ques- 
tion is — What  are  the  objects  to  be  gained  under  the  two 
classes?  In  one  case,  theoretically,  the  municipal  ownership 
plant  is  constructed  to  give  service  at  cost.  In  the  other  case, 
of  the  privately  owned  plant,  or  incorporated  plant,  admittedly 
the  object  is  not  only  to  give  service,  but  to  make  a  profit. 
Under  these  two  plans  it  would  look  as  if  the  municipally  owned 
plant  ought  to  give  the  cheapest  service,  other  things  being  equal, 
but  actually  what  do  w^e  find?  We  find  this,  that  in  the  munici- 
pally owned  plant  as  a  rule — I  am  talking  about  conditions  in 
this  country — the  plant  becomes  the  prey  of  politicians. 

In  one  case  there  is  a  basis  of  trading  political  preferment 
without  any  desire  to  earn  dividends.  In  the  other  case  there 
is  an  actual  and  avowed  desire  for  gain.  There  is  no  secret 
about  it.  The  privately  owned  corporation  exists  to  make 
money  for  its  stockholders,  and  therefore  must  be  operated 
efficiently.     These  are  the  two  fundamental  differences. 

If  we  can  get  away  in  the  municipally  owned  plant  from  the 
idea  that  every  alderman  or  councilman  or  politician  has  a  right 
to  send  men  around  for  this,  that  and  the  other  job  in  connection 
with  the  municipally  owned  plant,  and  if  there  are  no  jobs  open  for 
them,  the  jobs  must  be  made,  with  the  resulting  demoralization 
of  the  staff,  then  the  municipally  owned  plant  will  be  equally 
efficient  and  equally  well  operated  as  the  private  ])lant — there  is 
no  doubt  about  that — but  we  have  no  symptoms  of  that  change 
in  method  at  the  present  time. 

The  biggest  problem  in  the  electricalindustry  today  in  connec- 
tion with  the  business  of  supplying  ])ower,  is  the  question  of 
obsolescence.  In  the  case  of  the  average  plant  today  the  greater 
part  of  the  machinery  becomes  obsolete  in  from  ten  to  fifteen 
years;  very  little  of  it  lasts  fifteen  years,  the  average  is  about 
twelve  years.  I  know  of  one  case  where  a  piece  of  apparatus 
which  cost  a  quarter  of  a  million  dollars  twelve  years  ago  was 
scrapped  recently  and  sold  for  $8000.  We  should  establish 
an  obsolescence  fund.  It  is  a  proi)er  charge  against  the 
cost  of  making  power,  because  we  know  as  certainly  as  it 
is  possible  to  know  by  the  history  of  the  past  that  in  the  future 
there  will  be  further  developments,  so  that  during  the  course  of 
every  decade  or  a  little  more,  we  must  completely  revolutionize 
our  plant.     This  is  a  difficult  thing  to  have  recognized  in  any 
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municipality  today,  the  fact  that  a  charge  for  obsolescence  is  a 
proper  one  to  make. 

If  we  could,  as  Mr.  Christie  suggests,  have  one  man  put  fully 
in  charge  of  a  plant  and  make  him  absolutely  responsible  for  the 
operation  and  for  the  financing  of  it,  and  have  every  one  con- 
nected with  the  plant  follow  his  instructions  without  outside 
interference,  then  I  see  no  reason  why  the  municipally  operated 
plant  should  not  be  operated  equally  advantageously  with  the 
ordinary  privately  owned  plant.  But  they  cannot  be  upon 
any  equality,  imtil  we  get  rid  of  the  idea  in  this  country  that 
the  municipally  operated  plant  is  the  means  of  passing  around 
favors  for  the  politicians,  and  until  we  put  it  on  the  basis  of  act- 
ually earning  a  revenue  for  the  stockholders  who  are  the  tax  payers 
of  that  city. 

R.  P.  Bolton:  Mr.  Christie  has  almost  wholly  disregarded  an 
essential  element  which  is  rarely  offered  and  generally  almost 
impossible  to  secure  in  regard  to  municipal  undertakings.  This 
is  not  only  the  rate  or  cost,  but  the  extent  of  the  contributions 
made  to  the  income  of  municipal  utilities  by  other  branches  of 
the  municipality.  The  paper  contains  but  one  slight  reference 
to  this  subject. 

My  investigations  in  Winnipeg  and  a  ntimber  of  cities  in 
Ontario,  have  convinced  me  that  municipal  officials  generally 
guarantee  either  an  excessive  use  of  electricity  or  charge  high 
rates  for  energy  supplied  for  municipal  purposes.  In  fact  I 
have  found  instances  where  the  amount  guaranteed  has  deliber- 
ately been  made  sufficient  to  secure  the  appearance  of  a  sufplus 
upon  annual  operation. 

I  can  offer  a  particularly  definite  illustration  of  this  in  the 
operation  of  the  municipal  hydroelectric  system  in  the  City 
of  Toronto,  from  the  report  of  which  for  the  year  1914, 1  take  the 
following  figures: 

Out  of  a  total  income  of  $1,501,291,  no  less  than  $562,353  was 
derived  from  the  payments  made  for  the  lighting  of  streets,  of 
public  buildings,  and  for  power  used  in  municipal  water  supply, 
pimiping,  etc.  The  total  cost  of  the  electric  energy  supplied, 
both  for  municipal  and  for  all  commercial  purposes  was  $324,236 
while  the  charges  paid  for  street  lighting  by  the  municipality  to 
the  electric  system  amount  to  $364,214.  For  municipal  power 
purposes,  the  simi  of  $157,700  was  paid.  I  learned  that  the  cost 
of  electrical  operation  of  the  pumping  service  was  in  excess  of 
that  for  steam  operation,  and  that  the  chief  engineer  of  the 
water  department  resigned  his  position  several  years  ago  follow- 
ing the  disregard  of  his  protest  against  the  change  of  system  made 
necessary  by  the  attempt  to  supply  electric  service  to  the  munic- 
ipal pimiping  system. 

So  far  as  street  lighting  is  concerned,  the  cost  for  1914  may  be 
compared  with  the  cost  prior  to  the  establishment  of  the  munic- 
ipal system,  when  the  city  was  lighted  by  the  Toronto  Electric 
Company  at  a  total  cost  of  $135,000.  Thus,  in  about  five  years 
of  operation,  the  cost  of  street  lighting  has  been  nearly  trebled. 
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The  result  of  these  excessive  contributions  by  the  municipality 
was,  for  the  year  1914.  to  bring  about  a  surplus  amounting  to 
about  4^  per  cent  of  the  total  income  which,  as  is  evident  from 
the  foregoing  figures,  is  not  real  but  merely  apparent. 

The  total  energy  used  for  the  year  1914  of  this  municipal 
system  was  as  follows: 

For  residential  and  commercial  lighting,  kw-hr. .  .13,752,500 

For  commercial  power,  kw-hr 20,724,800 

For  municipal  purposes,  light  and  power,  kw-hr. . .  50,1 15,000 

It  may  be  conceded  at  once  that  the  large  quantity  of  energy 
absorbed  for  municipal  purposes  warrants  a  low  rate  per  unit, 
but  it  is  the  total  contribution  which  brings  about  the  effect 
upon  the  municipal  accounting. 

In  making  investigations  in  Winnipeg,  I  found  that  very 
similar  conditions  obtained  there.  I  was  informed  at  the  time 
of  my  last  visit  that  the  city  pumping  department  was  being 
charged  a  higher  rate  for  energy  than  was  a  commercial  under- 
taking in  the  immediate  vicinity,  although  the  city  pumping 
was  an  off-peak  load  and  the  commercial  operation  a  twenty- 
four  hour  load. 

The  situation  in  Winnipeg  has  not  been  quite  fairly  reported 
to  Mr.  Christie,  judging  by  his  description  of  it.  The  private 
corporation  to  which  he  refers  had"  been  in  operation  since  the 
year  1892,  and,  during  the  greater  part  of  its  existence  no  divi- 
dend had  been  earned  upon  the  capital  invested.  At  the  time 
of  the  commencement  of  the  agitation  for  a  municipal  electric 
system  upwards  of  $4,000,000  had  been  invested  by  this  com- 
pany, upon  which  only  5  per  cent  was  earned,  while  the  arrears 
of  unearned  dividend  at  that  time  amounted  to  nearly  $300,000. 
The  agitation  was  not  directed  by  any  necessity  for  a  supply  of 
very  cheap  power,  since  power  was  at  that  time  available  for 
industries  at  rates  as  low  as  they  are  today.  The  company  had 
also  voluntarily  reduced  its  rates  for  domestic  service  and  the 
maximum  charge  for  the  minimum  service  was  the  ten-cent  rate. 

In  point  of  fact,  the  agitation  for  a  flat  three-cent  rate  for  domes- 
tic service  in  which  the  city  has  become  ihvolved  was  started  by 
cetain  ill-informed  persons  for  political  purposes.  This  unfortu- 
nate local  agitation  has  resulted  in  a  total  investment  of  nearly 
$7,500,000  and  the  bonded  indebtedness  of  the  city  has  been 
increased  33  per  cent  by  the  process.  As  in  the  case  of  other 
cities  described  by  Mr.  Christie,  lying  further  west,  the  result 
has  been  disastrous  to  the  credit  of  the  communities,  and  in  my 
judgment,  the  present  unfortunate  situation  in  western  Canada 
is  largely  attributable  to  this  unnecessary  class  of  investment. 
The  same  remark  applies  in  a  degree,  to  cities  in  Ontario. 

The  extravagant  investments  of  these  cities  and  particularly 
of  Winnipeg,  are  due  to  an  ill-informed  faith  in  hydroelectric 
generation  of  energy,  involving  expense  far  in  excess  of  that  of 
first  cl-^^s  ^^t^am  power  plants,  and  presenting  very  often  great 
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illllii  nltip«5  in  tluMXfn  nl  iww  I  \iMium  juliiitl  rhaiij^c  or  enlargement. 
Thl*!  pnini  i«5  wril  ilh«c!it;Uoil  l»\  rtnuhticMis  iti  Winnipeg,  the  cost 
III  ll«i  plntit  ppi  KilowfUt  ol  nu.lollril  cjipatity  hein^  $132.  A 
liptl  I  )h«;q  «;if^rttn  )»l;u^l  \u\y\\{  lun  c^  Imm'M  l)uilt  at  $oO  per  kilowatt 
nl  \  upm  \\\  '\\u'  fiv«Mt  \  \\i\\yy*^  nu  llir  dilTcrcnce  of  $82  upon  the 
nttlpnl  iPM»tilr«1  Int  ihoMnu  HM  I .  uMinunt  to  0.37  of  a  cent  per 
\i\\  \\\  \\\\\\\\  i'a  iMpn\{Urnl  h»  (Ihm'osI  of  coal  at  the  rate  of  1.8 
iMnniiiy  p«M  Kw  lit  fuut  ni  tln'  price  of  $4.00  per  short  ton. 
Tln»  r'«i»>4Q  Invf^^ltnrni  {uniMmliii^:  to  $2,5(K),000  has,  therefore. 
Ill  I  Ir  nt    tilt  I  iintttirt  I  l(«l    VmIiuv 

MiiiriiMM  llir  munii  Ipjil  plant  in  Winnipeg  as  in  other  places, 
p:  liii  Kiiir  in  niololitv  a-,  a  icsnlt  of  the  liability  to  failure  of  all 
IimIhu  l«.i  hit  »niil  li unMni'.'.ion  systems,  and  is  in  this  respect 
III  It  ilirwiiK  nnifH'c  ula-n  coiiiparcd  with  the  system  established 
|i\'  I  III'  pn\nir  MHnp.niv  which  has  a  lar^'c  steam  power  plant  in 
III!  Miv  I'tiHii  llicNc  lads  a  jjcculiar  situation  has  arisen. 
I.iindiv  iiaraMiicr.  njjon  the  municipal  system  are  paying  for 
liiriilidMU  n  \r\  vice  on  the  jjrivate  system  as  a  reserve,  beinj^  thus 
pill    In  ilmiMc  o.peir.e, 

'I  lir  la.ilf  nl  Maiiit.oln'i  has  csta]>lished  a  public  service  com- 
iiii-.Mnii  •.v'.lciii,  niK'  of  the  jjroblems  of  which,  as  described  to  me 
bv  ihe  ( "oniniissioner,  was  how  to  deal  with  the  unfair  competi- 
iioii  i-.labli'.liefj  by  rrnmicipally  oj)erated  systems  like  those  in 
^Vlllllipc^^  'J'he  various  municipal  systems  in  the  ])rovince  of 
()nlaiir>  arc!  nnrler  the  control  of  the  Hydroelectric  Power  Com- 
iiii'.sirjn  of  that  province  by  which  a  uniform  system  of  ac- 
(onntin^^  has  Ijeen  established  recently.  In  this  accounting 
sv'.lein  dejjreciation  must  be  jjrovided  for.  Xo  provision,  how- 
ev<T,  is  made  for  the  brin^inj^  out  of  the  extent  of  the  contri- 
biilions  of  the  municipality  toward  the  suj)port  of  its  electrical 
nl  iiity.  I  have  investij^'ated  instances  in  which,  in  order  to  make 
up  a  j)rior  deficiency,  the  amount  of  street  lighting:  in  a  small 
town  lias  been  doubled  in  a  year. 

In  view  of  this  feature  of  Canadian  municipal  operations,  it 
wonhl  seem  necessary  that  all  the  facts  should  be  known  before 
decision  as  to  their  financial  failure  or  success  is  made.  Informa- 
tion in  the  jjaper  is,  as  I  have  said,  meagre,  but  enough  is  stated 
to  inrlicate  that  the  ])rocess  I  have  described  is  evidently  being 
followed.  Thus,  for  railway  services,  [)rices  are  aj)parently 
charged  which  vary  all  the  way  from  Ij  to  2  cents  per  kw-hr. 
Arc  lam[)S  arc  charged  as  high  as  $()5  and  $70  per  annum.  In 
Calgary,  the  street  lighting  is  charged  at  the  rate  of  $24  per  100- 
watt  equivalent.  Doubtless  further  investigation  by  Mr. 
Christie  would  bring  out  other  remarkable  illustrations  of  the 
methods  V)y  which  this  j)rocess  is  pursued. 

My  own  attitude  toward  municipally  operated  utilities  is 
dictated  by  a  desire  for  fair  treatment  and  full  consideration 
of  the  right  of  communities  to  decide  whether  they  will  pledge 
their  own  credit  to  efi"ect  certain  results  or  allow  other  persons  to 
do  it  for  them,  at  a  reasonable  j)rice.     But  I  regard  it  as  the  first 
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duty  of  the  engineer  to  avoid  deceiving  himself  and  deceiving 
others.  I  have  never  been  able  to  find  that  the  municipally 
operated  utilities  in  Canada  were  free  from  methods  open  to 
criticism  as  being  unequal  in  effect  and  unfair  in  method.  Until 
we  can  be  informed  fully  upon  every  important  phase  of  the 
subject,  judgment  as  to  the  relative  efficiency  and  financial 
success  of  the  Western  Canadian  municipal  utilities  should  be 
suspended. 

Edward  J.' Cheney:  Mr.  Christie  gives  us  a  good  deal  of  in- 
formation on  what  can  be  done,  but  the  real  question  is — what 
will  be  done — in  the  situation  in  which  we  are  interested.  When 
our  city  governments  can  conduct  present  operations  in  an  effi- 
cient and  economical  manner,  it  vnW  be  time  to  say  that  we  can 
take  up  the  municipal  ownership  and  operation  of  public  utilities 
on  a  satisfactory  basis.  For  whatever  reason  it  may  be,  munic- 
ipally owned  plants  in  this  country  do  not  show  as  successful 
operation  as  Mr.  Christie  shows  for  the  Canadian  ones.  There 
are  some  notable  exceptions,  but  I  think  invariably  they  are  due 
to  the  fact  that  some  broad  minded,  public  spirited  citizens, 
without  compensation,  have  taken  charge  and  kept  the  operation 
out  of  the  hands  of  selfish  interests. 

The  country  which  Mr.  Christie  has  studied  is  new.  The 
very  rapid  growth  of  the  territory  is  in  itself  favorable  for  suc- 
cessful, operation.  The  citizens  appear  to  be  non-political  and 
interested  in  general  business  affairs.  That  atmosphere  is  not 
conducive  to  the  development  of  politicians  or  their  education 
in  the  use,  for  selfish  purposes,  of  publicly  owned  utilities. 

I  do  not  wish  to  appear  pessimistic,  but  there  is  some  indication 
in  the  paper  that  those  conditions  may  be  changing  and  it  is 
possible  that  those  cities  may  ultimately  reach  that  unhappy 
stage  of  development,  with  which  we  are  fairly  familiar  in  this 
country,  in  which  the  possibilities  of  exploiting  the  public 
utilities  are  well  understood  and  fully  taken  advantage  of. 

It  is  suggested  that  state  or  provincial  regulation  could  be  used 
to  smooth  out  and  correct  the  irregularities  of  the  municipally 
owned  plant.  Now,  in  this  state  we  have  state  regulation  which 
theoretically  controls  such  plants,  but  the  trouble  is  to  find  the 
man  or  the  set  of  men  or  the  organization  that  you  can  control. 
How  do  you  get  hold  of  anybody  you  can  do  anything  with? 
I  know  of  one  instance  in  which  the  electric  distribution  system 
in  a  certain  city  was  in  a  deplorable  condition.  It  not  only  ren- 
dered good  service  impossible,  but  was  an  actual  menace  to  life. 
The  matter  was  taken  up  with  the  men  who  had  charge  of  the 
plant,  and  these  men  said — "  Well,  we  would  have  to  go  to  the 
Board  of  Aldermen,  and  if  the  Board  of  Aldermen  submitted 
to  the  citizens  a  bond  issue,  the  citizens  would  not  vote  for  it. 
We  have  no  money  and  what  can  we  do  about  it?"  What,  as  a 
matter  of  fact,  can  be  done  in  such  a  case?  You  cannot  make 
men,  who  have  no  money,  do  anything  which  requires  the 
expenditure  of  money,  and  you  cannot  make  an  order  directing 
the  citizens  of  a  city  how  to  vote. 
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Clayton  H.  Shaip:  Is  it  not  due  to  the  municipal  trading  in 
these  cities  of  western  Canada  that  the  ratio  of  municipal 
bonded  indebtedness  to  assessed  valuation  of  property  is  much 
higher  than  is  allowable,  for  instance,  in  any  city  in  the  State  of 
New  York?  It  might  be  interesting  to  have  some  statistics 
as  to  the  ratio  of  bonded  indebtedness  to  assessed  valuation. 

Is  it  not  true  that  mtmicipal  trading  is  somewhat  responsible 
for  the  fact  that  the  debentures  of  these  cities  have  to  be  sold 
on  the  market  at  prices  at  which  they  will  pay  the  investor  in 
every  case  considerably  more  than  five  per  cent,  and  often  as 
high  as  six  per  cent? 

Arthur  Raid:  There  are  one  or  two  points  in  the  Lethbridge 
plant  information  that  are  not  quite  correct. 

Prof.  Christie  gives  the  cost  of  plant  in  Table  IV  as  $456,370.78 
and  the  rated  kw.  as  2300.  This  value  is  evidently  the  items 
"  land,  bldg.,  and  machinery  and  tools  *'  in  the  auditors  state- 
ment. 

This  is  not  altogether  correct  because  $2,000.00  of  the  tools 
account  would  be  charged  to  the  distribution  cost.  Although 
the  auditor's  statement  does  not  show  an  itemized  statement  of 
the  amount  under  '*  land,  bldg.,  and  machinery,"  this  amount 
includes  the  following  which  should  not  be  charged  to  the 
present  electric  plant. 

Cost  of  pumping  plant  and  alterations  to  power 

house  building,  to  accommodate  pumping  plant.  .   $53,138.00 

Cost  of  old  plant  destroyed  by  fire 48,200.00 

$101,338.00 

Actual  cost  of  new  plant  $456,370.78  -  $2,000.00  -$101,338.00 
=  $353,032.78  ■¥  2,438  kw.  =  $144.80  per  kw. 

He  has  given  the  rated  kw.  of  plant  as  2300  instead  of  2438, 
if  you  add  the  capacities  as  given  on  the  plates  on  the  machines 
viz :  350,  588  and  1500,  you  will  get  the  above  figure.  Lethbridge 
as  well  as  Saskatoon,  had  a  society  started  by  myself  for  mutual 
improvement  along  technical  lines  for  the  departmental  em- 
ployees. 

In  addition  to  the  reason  given  by  Prof.  Christie,  for  the  utility 
being  taxed  on  the  same  basis  as  other  industries,  Tye  have  always 
put  the  following  reason  first — The  money  borrowed  to  create 
the  utility  is  borrowed  on  the  credit  of  the  whole  city  and  there- 
fore the  municipality  is  entitled  to  some  return  for  this  credit. 

Regarding  the  disposal  of  surplus,  since  the  city  of  Lethbridge 
purchased  the  electric  plant,  it  has  always  been  the  policy  to 
cut  the  rates  for  electricity  to  produce  a  revenue  as  near  the  op- 
eration costs  as  possible  and  what  little  surplus  remains  is 
transferred  to  general  revenue. 

The  reason  for  the  above  is,  because  the  electric  light  and  power 
constimers  are  nearly  all  rate  payers,  if  not  directly,  then  in- 
directly through  landlords,  etc.;  then,  if  the  rates  are  high 
enough  to  produce  a  large  surplus  and  this  surplus  is  paid  into 
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general  revenue  and  goes  to  reduce  taxation,  the  electric  light 
and  power  consumers  are  being  overcharged  to  help  reduce  the 
taxes  on  all  property  including  that  held  by  parties  living  in 
other  parts  of  the  world  who  do  not  contribute  one  cent  of  the 
electric  revenue.  Therefore,  it  appears  to  me,  that  the  only 
fair  way  is  for  the  utility  to  pay  the  same  rate  of  taxes  as  any 
other  industry  and  keep  the  electric  rates  as  low  as  will  produce 
a  slight  balance  on  the  right  side  of  the  books.  This  is  what 
the  city  of  Lethbridge  has  endeavored  to  do.  Of  course,  in  fol- 
lowing out  the  above,  you  lay  yourself  open  to  the  danger  of  a 
falling  off  in  the  receipts  and  are  then  likely  to  face  a  deficit 
at  the  end  of  the  year,  but  I  think  this  should  be  taken  care  o ' 
by  putting  surplus  that  may  accrue,  into  a  contingency  fund  to 
take  care  of  such  an  event. 

A.  G.  Christie:  Mr.  Belts  has  brought  out  very  clearly 
some  points  in  financing  that  deserve  attention.  He  justly 
insists  that  the  utility  itself  should  bear  all  costs  connected  with 
its  financing  and  operation.  Too  often  the  equipment  does  not 
last  as  long  as  the  life  of  the  debentures. 

Mr.  Scott  has  emphasized  in  his  discussion  one  of  the  most 
important  essentials  for  success  in  municipal  ownership,  viz — 
one-man  control.  This,  and  the  spirit  of  cooperation  between 
citizens  and  the  utilities  seem  to  me  to  be  the  real  basis  for  the 
results  shown  in  the  West. 

I  have  had  considerable  difficulty  in  impressing  on  municipal 
oflScials  the  necessity  of  figuring  ample  obsolescence  allowance^:, 
and  Mr.  Stott's  statements  in  this  connection  will  materially 
assist  in  emphasizing  my  point  in  regard  to  the  short  life  of 
prCvSent-day  machinery. 

Mr.  Bolton's  contribution  to  the  discussion  is  very  timely 
for  by  introducing  the  question  of  municipal  revenue  to  the 
utility,  he  calls  our  attention  to  a  factor  that  in  times  past  has 
been  one  of  the  greatest  shortcomings  of  ])ublic  ownership. 
However,  genuine  attempts  are  being  made  in  western  cities 
to  overcome  these  defects  by  charging  for  all  service  on  the  meter 
basis.  But,  as  is  shown  in  the  pai)er,  several  still  maintain 
fixed  rates  per  lamp,  and  are  thus  still  o])en  to  criticism. 

In  regard  to  Mr.  Bolton's  figures  from  Toronto,  I  am  not 
intimately  familiar  with  the  situation  there.  However,  these 
hardly  seem  fair,  for  he  considers  only  lump  sum  figures  and  does 
not  present  the  cost  per  unit  or  the  increase  in  the  effectiveness 
of  the  lighting  system.  From  20  years  acquaintance  with 
Toronto,  I  am  able  to  say  that  it  has  never  been  better  lighted 
than  at  present,  and  this  of  course,  takes  additional  power. 
Furthermore,  Mr.  Bolton  apparently  discounts  also  the  rapid 
growth  in  population  and  extent  of  Toronto  from  1909  to  1914. 

When  one  discusses  Winnipeg,  its  sittiation  mtist  be  clearly 
kept  in  mind.  The  long  haul  from  the  Alberta  coal  fields  made 
the  cost  of  steam  power  prohibitive.  Hence  the  ])eo}jle  nattirally 
tximed  to  water  power  which  is  available  in  great  qtiantity  in 
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the  country  to  the  northeast  of  the  city.  Whether  Winnipeg 
was  warranted  in  expending  so  much  on  its  hydroelectric  system 
is  a  difficult  question  to  discuss,  yet  the  fact  remains  that  the 
electrical  utility  is  supplying  probably  the  cheapest  electrical 
power  in  America  and  is  earning  a  surplus  at  the  same  time. 

In  regard  to  Mr.  Sharp's  question  about  bonded  indebted- 
ness, I  must  admit  that  I  am  not  familiar  with  New  York  state 
figures,  and  I  do  not  believe  that  I  have  the  necessary  figures 
from  the  cities  of  Western  Canada  to  make  satisfactory  compar- 
isons. I  believe,  however,  that  the  ratio  of  bonded  indebtedness 
to  assessment  will  be  found  higher  in  the  West  than  in  New  York. 

It  would  puzzle  one  to  get  a  fair  basis  for  comparison  in  regard 
to  assessment.  Some  cities  are  under  single  tax.  Others  have 
cut  assessments  since  war  broke  out,  while  others  have  very 
inflated  land  values  on  all  real  estate.- 

The  high  rate  of  interest  on  Canadian  municipal  bonds  was 
largely  due  before  the  war  to  considerable  doubt  among  British 
financiers  of  the  ability  of  these  municipalities  to  pay  for  these 
debentures.  They  failed  to  realize  the  rapid  growth  of  these 
cities.  On  the  other  hand,  some  cities  like  Saskatoon  started 
out  on  too  ambitious  a  scale. 
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CREST  VOLTMETERS 


BY  C.  H.  SHARP  AND  E.  D.  DOTLB 


Abstract  of  Paper 
The  paper  shows  how  a  voltmeter  which  will  read  directly 
the  maximum  or  crest  values  obtained  in  high-voltage  testing 
may  be  constituted  by  a  combination  of  an  electrostatic  volt- 
meter and  an  electric  valve.  Diagrams  of  connection  are  shown 
and  results  of  test  given  to  indicate  the  validity  of  the  method. 


STRESSES  in  dielectrics  subjected  to  alternating  voltages 
are  proportional  to  the  maximum  rather  than  the  mean 
effective  value  of  those  voltages.  The  ordinary  voltmeter 
which  reads  f.m.s.  values  is  nevertheless  the  instrument  ordi- 
narily used  in  high-voltage  testing,  and  the  assumptions  are 
made  that  the  crest  factor,  that  is,  the  ratio  of  the  maximum 
to  the  r.m.s.  value  of  the  wave,  is  that  corresponding  to  a  sine 
wave,  1.41,  and  further,  that  it  does  not  vary  therefrom. 
These  assumptions  are  made  with  the  full  knowledge  that  in 
the  general  case  they  cannot  correspond  strictly  to  the  facts, 
but  the  lack  of  a  suitable  instrument  for  reading  crest  voltages 
has  made  it  almost  imperative  to  adopt  this  course.  Quite 
apart  from  the  ordinary  deviations  of  the  wave  form  of  alter- 
nators from  the  sine  curve,  the  variations  in  wave  form  with 
the  load  on  the  transformer  which  are  encountered  in  high- 
voltage  testing  are  often  exceedingly  serious  and  sufficient  to 
introduce  errors  which  are  very  important  indeed;  especially 
since  they  may  be  unknown  and  unsuspected.  This  renders 
highly  desirable  a  suitable  instrument  for  reading  the  crest 
values,  and  hence  giving  results  independent  of  these  variations. 
As  illustrations  of  some  of  the  variations  which  occur  in 
actual  practise,  Figs.  1,  2  and  3,  all  taken  from  different  test- 
ing installations  in  practical  use,  are  given,  -which  with  their 
captions  are  self-explanatory.  Fig.  3  is  particularly  striking 
as  showing  a  change  in  crest  factor  of  25  per  cent  with  quite 
a  small  change  in  the  load.  It  is  evident  that  a  condition  such 
as  indicated  here  was  an  intolerable  one  where,  as  was  the  case, 
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a  product  of  great  monetary  value  was  being  tested  on  the 
assumption  that  the  wave  was  of  sine  form  and  invariable. 

An  instrument  is  available,  and  is  recognized  by  the  Stand- 
ardization Rules  of  the  A.  I.  E.  E.,  whereby  these  maximum 
values  may  actually  be  measured.  This  is  the  spark  gap, 
fitted  either  with  needles  or  with  spheres.  Without  going  into 
detailed  consideration  of  the  shortcomings  of  the  spark  gap, 
it  may  be  noted  that  it  is  deficient  in  that  it  can  be  set  for  one 
voltage  only  and  gives  no  indications,  except  by  breakdown, 
of  the  voltage  to  which  it  is  subjected.     It  has  been  very  aptly 
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Fig.  1 — Wave  Form  Distortions  in  a  Testing  Transformer  Intro 
DucED  BY  Improper  Voltage  Control  Apparatus 

A — Wave  form  of  supply  circuit. 

B — Wave  form  of  secondary  of  controller  under  load. 

said  that  measuring  voltages  with  a  si)ark  gap  is  like  measur- 
ing current  with  a  fuse.  A  spark  gap  can  be  used  with  accuracy 
only  where  it  is  placed  at  a  sufficient  distance  from  all  extra- 
neous bodies  which  might  influence  the  character  of  the  electro- 
static field  in  the  gap.  The  precautions  required  are  outlined 
in  the  Standardization  Rules.  The  breakdown  value  of  the 
spark  gap  is  also  aff'ected  by  the  pressure  and  the  relative 
humidity  of  the  atmosphere.  The  variations  due  to  humidity 
have  not  been  standardized.  The  Standardization  Rules  say 
"If  proper  precautions  are  observed,  the  spark  gap  can  be  used 
to  advantage  in  checking  the  calibration  of  voltmeters  when 
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set  up  for  the  purpose  of  high-voltage  tests  of  the  insulation 
of  machinery." 

1.  Sharp  and  Farmer'  have  described  a  crest  voltmeter  in 
which  an  instantaneous  contact  apparatus  driven  by  a  syn- 
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Fig.  2 — Wave  Form  of  Testing  Transformer  Voltage 

^— No  load;  crest  factor  -1.11X141 

B — Light  load:  crest  factor  =  0.98  X  1.41 

"     "  *      '  '  1.15  X  1.41 


MJ A.«I{|Ub    tUtXVJI.    V*CBI>    1.<»1,I^UI 

C — Heavy  load;  crest  factor 


chronous  motor  allows  an  electrostatic  voltmeter  to  be  put 
momentarily  in  contact  with  the  high-voltage  circuit  at  the 
crest  of  the  wave.  The  voltmeter  is  thus  charged  up  to  the 
crest  voltage  and  indicates  this  value.  For  steadying  purposes 
a  condenser  is   placed  in   parallel   with   the  voltmeter.     This 
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Fig.  3 — Variation  of  Crest  Factor  of  Testing  Transformer  with 
Load  Crest  Factor  Expressed  as  Percentage  of  Sine  Wave  Value 


apparatus  can  be  used  on  a  condenser  multiplier  from  the  high- 
tension  circuit  or  from  voltmeter  windings  on  the  high-tension 
transformer,  or  from  a  calibrated  step-down  transformer.  It 
suffers  under  disadvantages  as  follows: 

1.  Transactions  A.  I.  E.  E.,  1912.  Vol.  XXXI,  part  II.  page  1617 
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(a)  A  sjmchronous  motor  is  required  which  must  be  started 
before  measurements  can  be  made,  and  which  will  not  hunt. 

(b)  The  maximum  point  of  the  wave  must  be  found  by  shift- 
ing the  contact  device. 

Inasmuch  as  the  angular  position  of  the  maximum  of  the 
wave  will  vary  as  the  wave  form  changes,  it  is  necessary  to 
follow  up  these  shifts  of  the  majimaim  .point  with  changes  in 
load.  This  is  a  troubl^ome'^IjiBig.td  do,  and  unless  it  is  care- 
ftdly  done,  the  in^n^ioi^s  of  "tie  instrument  will  be  erroneous. 
This  dejdce  ftas,  however,  the  advantage  that  the  crest  voltmeter 
oan-.he  dalibi^ted  directly  against  an  r.m.s.  voltmeter  in  the 
,  ^irrmary  circuit,  provided  the  ratio  of  transformation  of  the 
transformer  is  known.  This  may  be  done  as  follows:  With  a 
transformer  with  a  load  at  which  its  ratio  of  transformation 
is  known  and  with  a  constant  primary  voltage  of  known  value, 
the  wave  form  of  the  secondary  is  traced,  using  the  instan- 
taneous contact  maker  and  the  electrostatic  voltmeter  in  con- 
nection with  its  multiplier.  In  this  use  of  the  instrument,  the 
method  is  that  given  years  ago  by  Ryan.\  From  this  trace  of 
the  wave  form,  the  r.m.s.  value  of  the  secondary  voltage  as 
given  by  the  electrostatic  voltmeter  plus  its  multiplier  is  com- 
puted. By  comparing  the  true  r.m.s.  value  as  given  by  the 
primary  voltmeter  and  ratio  of  transformation  with  the  in- 
dications of  the  electrostatic  instrument  and  multiplier,  the 
multiplying  factor  is  obtained.  This  is  the  multiplidng  factor 
which  must  be  applied  to  the  crest  reading. 

2.  Chubb  and  Fortescue'  have  given  a  method  of  reading 
crest  voltage,  which  consists  in  putting  a  large  air  condenser 
on  the  high-voltage  circuit  and  measuring  the  charging  current 
of  that  condenser  by  means  of  a  galvanometer  which  is  short- 
circuited  during  each  alternate  half -cycle.  Knowing  the  ca- 
pacity of  the  condenser  and  the  frequency  of  alternations,  the 
measured  charging  current  become?  a  measure  of  the  crest 
voltages. 

3.  Whitehead'  has  given  a  method  similar  to  the  above  in 
which  mercury  arc  rectifiers  are  used  in  series  with  condensers 
and  some  form  of  ammeter.  The  connection  of  the  rectifiers  is 
such  that  the  ammeter  is  short-circuited  during  one-half  cycle. 
This  method  obviates  the  synchronous  motor. 

2.  Transactions  A.  I.  E.  E.,  1913,  Vol.  XXXII,  part  I,  page  739. 

3.  A.  I.  E.  E.,  1914,  Trans.,  Vol.  XXXIII.  part  I,  p.  951. 
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4.  Lloyd,  in  1912,  in  discussion  of  the  paper  of  Sharp  and 
Farmer^  suggested  that  the  oscillograph  might  be  used  as  a 
peak  voltmeter.  The  development  of  the  oscillograph  for  this 
purpose  has  been  described  by  Middleton  and  Dawes.*  In 
this  method  the  length  of  the  band  of  light  drawn  out  by  the 
oscillograph  element  measures  the  crest  voltage. 

The  purpose  of  the  present  paper  is  to  describe  connections 
whereby  crest  voltages  can  be  read  on  an  indicating  instrument 
by  a  relatively  simple  apparatus.  This  method  takes  advantage 
of  the  properties  of  an  electric  valve  in  allowing  current  to 
pass  in  one  direction  and  in  stopping  it  in  the  other  direction. 
If  such  a  valve  is  placed  in  series  with  an  electrostatic  volt- 
meter, it  is  evident  that  the  voltmeter  must  become  charged 
to  the  maximum  value  of  the  waves  and  must  retain  that 

charge  for  a  period  of  time  de- 
_|  I —     pending  upon  the  insulation  of 

.     vwwvw     I -^*,     /Cy\\     the  voltmeter  and  the  valve.  The 

I +j  ,1,1,1,1  ^ j  I     vcS^  indications    of    the  instrument 

will  be  independent  of  the  fre- 
quency of  the  current  and  of 
the  shape  of  the  wave,  except 
as  to  its  crest  value.  While  the 
mercury  arc  rectifier  has  mani- 
fest possibilities  as  a  valve,  the 
pure  ionic  discharge  tube  of 
Langmuir,  to  which  the  name 
"kenotron'*  has  been  given,  is 
evidently  the  most  available 
form  of  apparatus.  Langmuir 
has  shown  that  in  these  tubes 
,of  practically  perfect  vacuum, 
the  discharge  is  absolutely  uni- 

«,^    A    r\..  r^  directional.       The  apparatus  is 

Pig.   4 — Diagram  of  Connec-  .  ^, 

TioNs  Used  in  Measuring  Crest  of  the   simplest   possible   char- 

VoLTAGE  acter  and,  with  proper  use,  en- 

.^v7^Br^^^S:^^^\^r'^^  tirely  free  from  any  promise  of 

fonner:s-.witch.hort.circuiting  valve.  quick  deterioration.     Theonly 

complication  is  that  the  cathode  must  be  heated  by  current,  but 
this  is  provided  for  in  a  very  simple  manner. 

The  electrical  connections  which  have  been  used  for  this 
purpose  are  shown  in  Fig.  4.  The  upper  half  of  the  figure  shows 
the  filament  of  the  kenotron  excited  by  means  of  a  battery  of 

4.  A.  I.  E.  E.,  1914,  Trans.,  Vol.  XXXIII,  part  II,  p.  1185. 
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a  few  cells.  The  lower  connection  shows  it  excited  by  alter- 
nating; current  taken  from  the  same  source  as  supplies  the  testing 
transformers  and  stepped  down  to  the  voltage  of  the  filament. 
The  seccjnd  connection  is  evidently  the  preferable  one,  but  can- 
not be  used  where  the  high-tension  transformer  is  supplied 
from  an  individual  alternator  with  field  control  of  the  voltage 
su|>plied  to  the  high-tension  transformer. 

In  the  experiments  here  described,  the  voltmeter  used  was 
a  pivoted  one,  directly  indicating  on  a  scale  of  volts  and  having 
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Fig.  5 — Built-Up  Waves  Used  in  Testing  Crest  Voltmeter 

Crest  Factor  by 


Wave  calculation 
from  wave  form 

Wave  meter  and 
dynamometer 
voltmeter 

Crestl 

voltmeter 

•    A            1.218 
B            1   431 
C            2  040 

1.213 
1   435 

2 .  020 

1.218 
I   435 
2 .  090 

a  capacitance  of  approximately  1.6  X  lO"'*  microfarad.  In 
parallel  with  this  is  placed  a  capacitance  of  0.02  microfarad 
or  more.  With  a  smaller  capacitance  in  i)arallel,  the  leakage 
of  the  apparatus  was  sufficiently  great  so  that  the  indications 
w^ere  no  longer  true  indications  of  the  crest  value.  In  other 
words,  a  sufficient  reservoir  of  charge  must  be  used  so  that 
the  leakage  is  a  negligible  factor.  With  this  arrangement  the 
charge  is  built  up  to  the  maximum  value,  if  not  in  the  first 
half -cycle  then   at   least  in   the  succeeding  half -cycles.     This 
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feature  is  important  in  the  use  of  the  instrument  with  a  con- 
denser or  high-resistance  multiplier,  inasmuch  as  it  enables 
the  valve  with  its  voltmeter  to  be  put  in  parallel  with  a  section 
of  a  high  capacitance  or  high  resistance  carrying  the  high- 
voltage  current,  and  the  result  obtained  is  independent  of  the 
actual  value  of  capacitance  or  resistance  used  in  the  multiplier, 
depending  only  upon  the  ratio  of  the  impedance  of  the  portion 
of  the  multiplier  about  which  the  voltmeter  is  looped,  to  the 
total  impedance.  The  capacitance  of  the  voltmeter  itself  is 
eliminated  because  of  the  fact  that  it  is  retained  in  the   state 
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Fig.  6 — Shows  the  Proportionality  of  Galvanometer  Deflections 
TO    Crest    Voltages 

Points  a  —  60-cycle  sine  wave;       crest  factor 
ft  —  60  "^       flat  ^ 


i  wave; 
;  wave; 
Point   c  —  26  •         peaked  wave; 
d  —  25  *        sine  wave; 


1.41 
1.30 
1.56 
1.41 


of  full  charge,  provided,  of  course,  that  the  leakage  is  low. 
If  the  valve  in  series  with  the  voltmeter  is  short-circuited,  the 
voltmeter  will  read  r.m.s.  values;  but  these  values  will  depend 
not  only  upon  the  above  ratio  but  also  upon  the  capacitance 
of  the  voltmeter  as  well. 

If  the  apparatus  is  used  directly  on  a  step-down  voltage 
transformer  or  on  voltmeter  coils  without  multiplier,  the  ratio 
of  the  reading  of  the  voltmeter  with  the  valve  in  series  to  its 
reading  with  the  valve  short-circuited  will  give  at  once  the  crest 
factor  of  the  wave. 
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An  important  advantage  is  that  the  pointer  of  the  voltmeter 
does  not  return  at  once  when  the  voltage  is  removed.  For 
instance,  if  the  dielectric  under  test  is  punctured  and  the  volt- 
age drops,  the  reading  of  the  voltmeter  taken  a  moment  after 
puncture  has  occurred  will  show  the  voltage  which  caused  the 
puncture.  Hence  the  voltmeter  does  not  need  to  be  watched 
so  minutely  during  test  as  in  the  case  when  the  indications 
follow  directly  any  drop  in  the  testing  voltage. 

This  arrangement  has  been  tested  in  a  number  of  different 
ways,  but  the  most  important  ones  are  summed  up  in  the  curves 
of  Fig.  5,  together  with  the  appended  table.  Wave  form  A 
was  built  up  from  a  sine  wave  fundamental  plus  a  third  harmonic; 
wave  form  B  represents  the  fundamental  alone,  and  wave  form 
C  represents  a  peaked  wave  built  up  from  the  third  and  fifth 
harmonics.  The  crest  factors  of  the  various  waves  were  cal- 
culated from  the  wave  forms  as  traced  by  a  wave  meter  and 
were  determined  also  by  using  a  wave  meter  as  a  crest  volt- 
meter and  an  ordinary  voltmeter  to  give  the  r.m.s.  values. 
These  figures  may  be  compared  with  the  crest  values  as  given 
by  the  valve  voltmeter  in  which  r.m.s.  value  was  obtained  by 
short-circuiting  the  valve.  It  will  be  seen  that  the  degree 
of  agreement  is  a  very  satisfactory  one,  indicating  that  with 
these  wide  variations  of  crest  factor,  the  crest  voltmeter  gave 
true  indications.     The  frequency  was  60  cycles  per  second. 

In  a  further  series  of  tests  the  electrostatic  voltmeter  was 
replaced  by  a  sensitive  unipivot  galvanometer  in  series  with  a 
resistance  of  one  megohm,  and  in  parallel  'v^dth  a  condenser  of 
one  microfarad.  The  indications  of  the  galvanometer  were 
taken  with  frequencies  of  25  and  60  cycles  per  second.  In 
Fig.  6  is  shown  the  relation  between  crest  voltage  as  indicated 
by  the  electrostatic  voltmeter  plus  the  valve  and  the  galva- 
nometer plus  condenser  and  valve.  It  will  be  seen  that  the 
relation  between  the  two  is  practically  a  constant  one,  inde- 
pendent of  the  frequency  of  the  current,  which  indicates  that 
a  galvanometer  if  looped  about  a  sufficient  capacitance  may  be 
used  instead  of  the  electrostatic  instrument.  Inasmuch  as 
the  latter  instrument  has,  in  some  respects,  less  desirable  char- 
acteristics than  a  galvanometer,  particularly  in  respect  to 
damping,  the  latter  connection  may  be  found  in  practise  to 
be  the  more  desirable  one.  The  calibration  of  the  latter  ar- 
rangement, however,  would  be  rather  less  direct  than  that  of 
the  former. 


1916]  CREST  VOLTMETERS  107 

In  conclusion  it  may  be  noted  that  the  arrangement  given 
offers  possibilities  in  the  matter  of  the  study  of  surges.  If  it 
were  connected  through  suitable  transformers  to  a  cable  and 
a  proper  balance  of  valve  capacity  and  capacitance  were  used, 
the  apparatus  might  be  adapted  to  trapping  either  a  current 
or  a  voltage  surge,  and  indicating  the  maximum  value  of  the 
surge.  With  the  capabilities  of  the  arrangement  for  retaining 
its  indication,  it  is  probable  the  electrostatic  voltmeter  might 
be  fitted  to  operate  as  an  intermittent  recorder,  and  so  leave 
a  record  on  a  chart  of  the  surges  which  have  come  in  during  a 
certain  period  of  time  or  during  the  course  of  certain  operations. 


Presented  at  tke  fourth  Midwinter  Convention 
of  the  A  merican  Institute  of  Electrical  Engineers, 
Sew   York,  February  8,   1916. 
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Abstract  OF  Paper 
The  demand  for  testing  dielectric  media  in  terms  of  crest 
voltage  has  resulted  in  several  schemes  of  measuring  high  volt- 
age. The  paper  mentions  and  compares  some  of  the  methods  of 
high-voltage  measurement  and  describes  in  more  detail  the  crest 
voltmeter  which  has  been  found  to  be  more  satisfactory  in  com- 
mercial testing  than  the  spark  gaps  which  have  been  adopted  by 
the  Institute  in  the  Standardization  Rules.  The  construction, 
operation,  accuracy  and  applications  of  the  crest  voltmeter  are 
briefly  described.  The  present  Standardization  Rules  for  the 
measurement  of  high  testing- voltages  recommend  spark-gap 
methods  which  under  certain  conditions  are  impractical,  incon- 
venient, and  dangerous.  The  summary  states  that  the  spark 
gaps  should  be  only  a  calibrating  standard  and  a  more  practical 
instrument,  such  a?  described,  the  preferred  working  standard. 


WITHIN  the  last  few  years  the  importance  of  making  care- 
ful dielectric  tests  of  insulation  has  been  emphasized  and 
several  papers  have  been  presented  which  deal  with  meters  and  ap- 
paratus for  adjusting  and  reading  the  value  of  the  testing  voltage 
in  high -voltage  testing  circuits.  It  is  the  purpose  of  this  paper 
to  describe  a  late  modification  of  such  a  meter,  to  compare  it 
with  the  sphere  spark  gap  adopted  as  a  standard  by  the  In- 
stitute, and  mention  the  relative  merits  of  some  of  the  common 
means  of  measuring  high  voltage  in  practical  testing. 

At  ordinary  frequencies,  breakdown  of  dielectric  media  is 
dependent  more  upon  the  crest  or  maximum  value  than  the 
r.m.s.  value  of  the  voltage  wave,  and  for  commercial  testing 
it  is  desirable  to  have  quick  and  accurate  means  of  measuring 
voltage,  which  will  give  an  indication  proportional  to  the  crest 
value  of  the  testing  wave  under  testing  conditions.  A  meter  for 
this  purpose  should  preferably  derive  its  voltage  from  the  high- 
tension  winding.  It  should  be  convenient,  safe,  direct  read- 
ing, independent  of  atmospheric  conditions  and  cause  no  oscil- 
latory disturbances  which  will  damage  a]:)paratus  under  test. 

The  needle  and  sphere  spark  gaps  are  the  crest  voltmeters 
which  have  been  adopted  by  the  Institute  as  a  working  stand- 
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ard.  Careful  calibrations  of  the  spark  gaps  have  shown  that 
between  certain  limits  and  at  commercial  frequencies  they  give 
acctirate  indications  of  crest  voltage  when  the  necessary  correc- 
tions for  temperature,  barometric  pressure  and  humidity  are 
made. 

The  possible  accuracy  of  the  spark  gap,  however,  is  not 
sufl5cient  justification  for  its  use  in  commercial  testing,  for  it 
meets  none  of  the  other  important  requirements. 

Other  voltage  measuring  means,  corrective  schemes  and  types 
or  modifications  of  crest  voltage  indicators  have  been  described* 
from  time  to  time,  some  of  which  meet  the  requirements. 

Direct  measurement  of  high-tension  voltage  with  the  elec- 
trostatic voltmeter  and  derivation  of  high-tension  voltage  from 
the  primary  voltage,  from  auxiliary  ratio  transformer,  from  ter- 
tiary coil  placed  in  the  transformer  or  from  section  taps  on  the 
secondary  winding  have  been  the  most  common  methods  used. 
Generally  r.m.s.  voltage  is  read,  assuming  the  voltage  wave 
to  be  sinusoidal.  When  testing  apparatus  of  high  capacitance 
and  at  high  voltage,  the  ratio  of  transformation  is  affected  and 
the  wave  is  often  so  distorted  that  corrections  for  ratio  and 
crest  factor  should  be  made.  With  some  of  these  methods,  and 
under  certain  favorable  conditions  with  all  of  the  methods, 
corrections  can  be  made,  but  in  the  majority  of  cases  such  correc- 
tions are  too  laborious  or  too  much  in  error  to  be  worth  while. 

In  former  papers  schemes  of  correction  for  crest  factor  have 
been  given.  Some  of  these  have  since  been  combined  with 
certain  improvements  into  an  instrument  especially  suited  to 
dielectric  testing,  equally  accurate  and  very  much  more  prac- 
tical than  the  spark  gap. 

The  Crest  Voltmeter 
Historical.  In  a  paper*  on  the  calibration  of  the  spark  gap, 
an  absolute  method  of  measuring  the  crest  of  an  alternating 
voltage  wave  was  described.  By  means  of  a  rotating  contactor 
and  d'arsonval  galvanometer,  or  d-c.  voltmeter,  the  charging 
current  to  a  guarded  air  condenser  was  integrated  and  from  it 
the  peak  values  of  a  symmetrical  voltage  calculated.     In  some 

1.  Sharp  And  Farmer,  Trans.  A.I.E.E.,  Vol.  XXXI.  1912,  p.  1617. 
Chubb  and  Fortescue,  Trans.  A.I.E.E.,  Vol.  XXXII.  1913,  p.  739. 
Whitehead,  Trans.  A.I.E.E..  Vol.  XXXII,  1913,  p.  1737. 
Whitehead  and  Gorton,  Trans.  A.I.E.E.,  Vol.  XXXIII,  1914,  p.  951. 
Middletonand  Dawes,  Trans.  A.I.E.E.,  Vol.  XXXIII,  1914,  p.  1185. 

2.  Chubb  and  Fortescue,  Trans.  A.I.E.E.,  Vol.  XXXII,  1913,  p.  739 
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A— Hot  railodc  valve  mountod  in  :  clf-cuniu-ciirii;  drawer. 
B — Hot  cathode  valve  disconnected. 
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later  work,  Whitehead  and  Gorton  substituted  mercury  arc 
rectifiers  for  the  rotating  contactor  and  the  Moscicki  type  of 
condenser  of  measured  capacitance  for  the  air  condenser  of 
figufed  capacitance.  The  change  from  the  mechanical  rectifier 
was  made  to  allow  measurement  at  high  frequency  and  to  the 
glass  condensers  presumably  for  convenience.  In  the  latest 
modification,  described  in  this  paper,  the  hot  cathode  tube  is 
substituted  for  the  mercury  arc  rectifier  and  the  whole  appara- 
tus arranged  in  compact  form  to  make  a  practical  measuring 
instrument  for  the  testing  department  or  laboratory. 

Construction,  Fig.  1  shows  one  type  of  instrument  moimted 
on  a  small  panel  to  be  placed  near  the  control  apparatus  of  the 
testing  transformer.  It  consists  of  a  permanent  magnet  in- 
strument {M)  sensitive  to  low  currents,  two  small  hot  cathode 


I 

I  L ?  > 


A.C  Ugmin^CiKuM 


Fig.  2 


valves  mounted  in  the  drawers  {D\D^,  a  frequency  meter  (F), 
an  exciting  switch  (5),  and  on  the  back  the  necessary  wiring, 
resistors  and  two  bell-ringing  transformers  for  heating  the 
cathode  filaments  of  the  valves. 

The  high-tension  condenser  terminal  of  the  transformer  or 
other  separately  mounted  condenser  is  used  in  connection  with 
the  meter  panel.  When  the  transformer  terminal  is  used,  it  is 
insulated  from  ground  and  the  crest  voltmeter  is  connected 
between  ground  and  the  outside  flange  of  the  terminal. 

Fig.  2  shows  the  diagram  of  connections,  in  which  T  is  the 
testing  transformer  diagrammatically  shown  in  a  grounded  case; 
C  is  a  condenser  terminal  used  to  bring  out  the  high-tension 
lead  {H) ;  Vi  and  F2  are  two  rectifiers  or  valves  shown  in  detail 
in  ,Fig.  3  and  having  an  anode  of  tungsten  or  molybdenum  and 
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a  cathode  of  incandescent  tungsten  working  in  an  atmosphere 
of  mercury  vapor,  or  one  of  the  noble  gases  at  low  pressure. 
The  filamentary  cathodes  are  heated  by  the  secondary  current 
from  two  bell-ringing  transformers,  Bi  and  5 2,  the  primaries 
of  which  are  connected  to  any  suitable  a-c.  lighting  circuit; 
M  is  a  permanent  magnet  indicating  instrument  connected  in 
the  anode  lead  to  the  valve  Fi;  5  is  three  single-pole  switches 
operated  with  a  single  handle  and  used  to  close  the  cathode 
heating  circuits  or  short-circuit  the  instrument  when  not  in 
use;  5.G.  is  a  safety  gap  between  the  leads  to  the  meter  to 
protect  the  insulation  of  the  apparatus  in  case  of  interruption 
in  the  supply  to  the  bell-ringing  transformers  when  the  switch 
is  in  the  working  position,  or  in  case  of  an  accidental  open  cir- 
cuit in  the  instrument  wiring.  The  frequency  meter  shown  in 
Fig.  1  is  not  an  essential  part  of  the  measuring  apparatus  but 
may  be  included  to  make  a  proportional  correction  when  the 
frequency  varies  appreciably  from  normal. 

Operation,  The  condenser  terminal  or  other  condenser  con- 
nected to  the  high-tension  lead  takes  a  charging  current  at  all 
times  proportional  to  the  differential  or  rate  of  change  of  voltage 
across  its  terminals.  At  both  the  positive  and  negative  maxima 
of  the  voltage  waves  this  current  is  zero  and  the  time  integral 
or  area  of  the  ctirrent  wave  between  these  zero  values  is  a  direct 
measure  of  the  difference  between  the  maximum  and  minimum 
voltages.  On  account  of  the  asymmetrical  conduction  of  the 
cathode  valves,  the  arrangement  of  circuits  shown  in  Fig.  2  is 
such  that  the  charging  current  in  one  direction  passes  through 
the  instrument  M  and  the  valve  Vi  as  shown  by  the  heavy 
dotted  Une.  Current  in  the  opposite  direction  passes  through 
the  valve  Fa  without  passing  through  the  meter,  as  shown  by 
the  heavy  broken  line.  The  light  lines  in  the  figure  represent 
the  primary  and  secondary  exciting  circuits  for  the  cathode 
filaments  fed  from  the  lighting  circuit.  When  the  meter  is 
not  in  use  the  switch  is  thrown  to  the  right,  which  short  circuits 
the  apparatus  and  opens  the  primary  circuits  of  the  exciting 
transformers. 

The  torque  of  a  permanent  magnet  meter  is  proportional  to 
the  average  value  of  the  current  passing  through  it,  and  since 
for  waves  of  constant  length  the  area  is  proportional  to  the 
average  height  of  the  current,  it  is  evident  that  the  meter  will 
give  an  indication  proportional  to  the  time  integral  of  the 
pulsating  current  through  the  valve  Vi  and  this  will  in  turn  be 
proportional  to  the  crest  of  the  voltage  wave. 
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Calibration.     The  instrument  is  calibrated  in  parallel  with 
the  standard  spark  gaps  or  another  standardized  crest  volt- 
meter and  usually  the  scale  drawn  so  that  it  indicates  ther.m.s. 
value  of  a  sine  wave  having 
a  crest  value  equal  to  that 
of  the  voltage  wave  to  which 
it  is  connected.     When  thus 
calibrated  it  is  the  equivalent 
of  the  needle  or  sphere  gap. 

Accuracy  and  Corrections. 
With  the  rotating  contactor 
commutating  at  symmetrical 
zero  points  in  the  current 
wave,  the  indication  of  the 
instrument  is  theoretically 
correct  with  all  wave  shapes  p^^   ^ 

containing  only  odd  harmonic 

components  at   the  fundamental  frequency   at   which  it   was 
calibrated.     On  unsymmetrical  voltage  waves  containing  even 


Fig.  5 


harmonic  components  (which  seldom,  if  ever,  exist  in  testing 
work)  the  instrument  will  indicate  the  mean  between  the 
positive  and  negative  crest  values. 
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With  the  rectifier  valves,  any  of  the  waves  of  Fig.  4  will  give 
the  same  indication  and  the  crest  voltmeter  will  give  a  theo- 
retically correct  reading.  With  waves  having  more  than  one 
maximum  and  one  minimum  per  cycle  there  will  be  an  error 
depending  upon  the  depth  and  number  of  ripples  in  the  wave. 
Fig.  5  shows  in  the  dotted  curve  a  voltage  wave  having  a  high- 
frequency  ripple  placed  to  give  a  large  error  in  the  meter  indi- 
cation. This  wave  has  seven  maxima  and  sev«n  minima  per 
cycle.  The  irregular  full  line  wave  is  the  differential  of  the 
voltage  and  represents  the  condenser  current.  The  time 
integral  of  the  current  wave  between  the  zero  points,  A  and  B, 
corresponding  to  the  positive  and  negative  crest  values  of  the 
voltage  wave,  is  a  measure  of  the  crest  value.  This  integral 
contains  the  positive  areas  Jkf ,  N,  0  and  P  and  the  negative 
areas  T,  U  and  V,  Theoretically,  all  current,  both  positive 
and  negative,  between  the  points  A  and  B  should  pass  through 
the  meter  and  no  current  between*  the  points  B  and  C  should 
pass  through  the  meter.  Reverse  currents  cannot  pass  through 
the  valves,  so  that  the  meter  will  integrate  all  positive  current 
area  and  neglect  all  negative  area.  At  first  sight  it  is  evident 
that  this  will  cause  an  appreciable  error.  Table  I  shows  that 
in  this  extreme  case  the  error  is  26  per  cent. 

TABLE  I 
Showing  comparison  between  correct  time  integral  of  the  current  wave  of  Pig.  5  as  ob- 
tained with  the  Rotating  rectifier  and  the  result  obtained  with  hot  cathode  rectifier. 


Area 

With  rotating  rectifier 

With  hot  cathode  rectifier 

hi 

T 
N 
U 
O 
V 

p 

Q 
R 

S 

+ 
0.40 

2.54 

0.74 

0.44 

0.22 
0.00 
0.25 

+ 
0.40 

2.54 

0.74 

0.44 
0.22 
0.00 
0.25 

Sum 

4.12 

0  47 

4.59 

0.00 

Net 

3.65 

.... 

4.59 

.... 

Tooth  ripples  and  resonant  ripples,  such  as  shown  in  the 
voltage  wave  of  Fig.  5,  are  infrequent  and  can  be  entirely  avoided 
by  the  use  of  proper  means  in  the  transformer  circuits. 
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In  careful  tests  on  steady  circuits  of  different  wave  shapes 
the  indications  of  the  spark  ^ap,  corrected  for  atmospheric 
conditions,  have  shown  agreement  and  duplication  of  points 
to  within  0.15  per  cent.  Such  tests  seem  to  indicate  that  the 
capacitance  of  the  condenser  terminals  used  is  independent  of 
the  wave  shape.  The  capacitance  is,  however,  a  function  of 
the  voltage  and  increases  4  or  5  per  cent  between  low  voltage 
and  25  per  cent  over  voltage.  This  variation  of  condenser 
capacitance  with  voltage,  however,  causes  no  error,  as  it  is 
taken  care  of  by  the  instrument  calibration. 

The  indications  vary  directly  with  frequency  and  proportional 
corrections  can  be  made  if  the  frequency  varies  from  normal. 
If  it  is  desirable  to  eliminate  frequency  corrections,  a  calibrated 
shunt  resistance  to  the  meter  M  is  used  and  adjusted  to  the 
indication  given  by  the  frequency  meter.  This  complication 
is  not  justified,  however,  as  frequency  variations  are  infrequent 
and  the  correction  when  necessary  is  very  simple. 

Applications.  The  crest  voltmeter  has  been  found  to  fulfill 
all  of  the  requirements  of  a  practical  instrument  for  dielectric 
testing,  and  for  reading  the  crest  value  of  pulsating  and  alter- 
nating voltage  in  the  laboratory.  Since  its  indications  are  a 
measure  of  the  difference  between  maximum  and  minimum 
values  of  a  periodic  voltage  wave,  pulsating  waves  starting 
from  zero  can  be  read  or  unsymmetrical  waves  can  be  read  if 
one  of  the  crest  values  is  known. 

Summary 

1.  The  crest  voltmeter  is  a  direct-reading  instrument,  read- 
ing either  the  r.m.s.  value  of  a  sine  wave  having  the  same  crest 
as  a  high  voltage  wave  to  which  it  is  comiected,  or  the  true 
crest  value,  depending  upon  its  calibration. 

2.  The  indications  of  the  instrument  are  independent  of 
atmospheric  conditions  and  require  no  corrections  except  a 
proportional  correction  for  variations  from  normal  frequency. 

3.  The  instrument  is  the  equivalent  of  the  sphere  spark  gap 
and  derives  its  voltage  from  the  high-tension  circuit. 

4.  The  indications  are  theoretically  correct  for  all  distorted 
waves  having  not  more  than  one  maximum  and  one  minimum 
value  per  cycle,  and  practically  accurate  for  all  other  com- 
mercial wave  shapes  to  be  found. 

5.  The  instrument  gives  a  continuous  indication  during  the 
application  and  adjustment  of  voltage,  instead  of  a  limiting 
indication  similar  to  that*  of  the  spark  gap. 
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0.  No   inrlinunarv   sotlitw:   with   load   disconnected  need  be 
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THE  VOLTMETER  COIL  IN  TESTING  TRANSFORMERS 

BY  A.  B.  HBNDRICKS,  JR. 


PR  EXACT  determination  of  the  high-tension  voltage  in 
testing  transformers,  an  auxiliary  winding  of  few  turns 
placed  on  the  same  core  and  connected  to  an  accurate  volt- 
meter has  been  used  with  success. 

This  method  was  advocated  and  the  construction  explained 
some  years  ago,*  but  the  idea  seems  to  be  generally  misunder- 
stood, the  accuracy  of  the  result  obtained  being  often  questioned. 

For  precise  results  at  all  loads  and  power  factors,  it  is  neces- 
sary and  sufficient  that  the  ratio  of  the  flux  linkages  of  the 
voltmeter  coil  and  the  high  voltage  winding  be  a  constant. 

The  flux  here  considered  is  the  resultant  flux  linked  with 
the  high  voltage  winding,  or  the  main  flux  plus  or  minus  the 
leakage  flux  combined  vectorially. 

With  the  coil  so  placed,  the  IR  drop  is  the  only  sensible  error. 
This  is  usually  small,  and  owing  to  the  vector  relationship 
under  ordinary  loads  is  practically  negligible. 

It  is  not  advisable  to  compensate  for  this  by  the  position  of 
the  voltmeter  coil,  as  the  correction  would  be  exact  for  one  value 
of  load  and  power  factor  only. 

The  impedance  of  the  voltmeter  coil  itself  may  be  neglected. 

The  accuracy  of  the  method  depends  entirely  on  the  design 
of  the  transformer  and  the  location  of  the  voltmeter  coil,  and 
can  be  made  almost  perfect. 

Ordinarily,  a  dynamometer  type  of  voltmeter  is  used,  in- 
dicating effective  values.  If  the  maximum  value  is  desired, 
a  sine  wave  of  potential  must  be  employed  or,  the  maximum 
determined  by  other  means,  such  as  an  oscillograph. 

It  is  suggested  that  mach  difficulty  may  be  eliminated  by 
the  use  of  a  true  sine  wave  generator,  and  the  avoidance  of 
regulating  devices  and  transformer  characteristics  liable  to 
distort  the  wave. 

*High-Tension  Testing  of  Insulating  Materials,  A.  B.  Hendricks,  Jr., 
Trans.  A.I.  E.  E.  Vol.  XXX,  1911,  p.  167. 
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NOTES  ON  THE  MEASUREMENT  OF  HIGH  VOLTAGE 


BT  WILLIAM  R.  WORK 


Abstract  op  Papbr 

A  briei  account  is  given  of  some  experiments  made  to  deter- 
mine the  relative  accuracy  of  certain  methods  used  in  measur- 
ing high  voltages. 

The  methods  comprise  the  use  of  a  tertiary  (or  voltmeter) 
coil  in  the  high-tension  transformer,  the  direct  measurement  of 
voltage  by  a  crest  voltage  meter  and  the  derivation  of  the 
high-tension  pressure  from  the  primary  voltage. 


IN  MOST  commercial  and  experimental  tests  emplojdng 
high  voltage  a  knowledge  of  the  crest  or  peak  value  of 
the  voltage  is  of  the  first  importance.  Often  this  crest  value 
may  be  determined  quite  satisfactorily  by  a  gap  method.  In 
other  cases  (dielectric  tests  on  cables,  etc.,)  the  use  of  a  spark- 
gap  is  not  desirable  because  the  discharge  of  the  gap  may  set 
up  oscillations  which  will  over-stress  the  dielectric  thereby 
permanently  injuring  or  even  puncturing  it.^  There  are  other 
well  known  disadvantages  attendant  on  the  use  of  a  spark-gap 
as  a  voltmeter.  Several  methods  for  the  measurement  of  high 
voltages  which  are  free  from  the  objections  peculiar  to  the 
spark  gap  have  been  used. 

This  papei*  is  an  account  of  some  tests  which  were  made  with 
the  view  of  comparing  these  methods  among  themselves  and 
with  a  spark  gap. 

Experimental  Apparatus 
The  generator  used  is  a  60-kv-a.,  250-volt,  eight-pole,  60- 
cycle,  three-phase  alternator  with  both  ends  of  each  phase 
winding  brought  out  to  the  terminal  board.  In  these  tests 
the  excitation  was  kept  substantially  constant  at  normal  value 
and  three  schemes  of  connection  were  used  giving  three  dif- 
ferent classes  of  voltage  waves.  These  schemes  will  be  desig- 
nated Supply  A,  Supply  B  and  Supply  C  respectively. 

1.  Voltage  Testing  of  Cables,  Middleton  and  Dawes,  Trans.  A.I.E.E., 
Vol.  XXXIII,  1914,  p.  1185. 
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••»••  <»  "       I  hr  M  rh  Idht  r  diMp  JM  nhoiil  4.5  per  cent,  the  resistance 


nil    ^\y\\s\\    tM|< 


Fig.  4 


/  s^  «  ,;ls>\jt  ().(>  per  cent.  Due  lo  the  capacilancQ  of  the  high- 
>  -aon  w  indin^^  the  no-load  power  factor  oi  the  transformer  is 
•'^>-'.  \  arvinj;  from  about  09  per  cent  lo  about  DG  per  cent, 
s^vv^i  the  rani;e  oi  voltai:e  uscii  in  these  Icsls.  The  transformer 
'\;vi  been  equipped  with  a  lerliarx",  ov  voltmeter,  coil  intended 
;v>  serve  as  a  lucans  o\  dclcrminini;  the  seciMidary  \-oltaL:e. 
ri\is  coil  lias  taps  brought  out  at  2.")  ]>cr  cent  and  at  oO  per 
vvnt  oi  the  winding.  The  accuracy  with  w  hicli  tlie  secondary 
NcltaL^e  could  be  determined  b\-  the  use  oi  tliis  coil  was  one 
of  the  t]iini;s  in\  csiic-^tcvl. 

Control  of  the  \oltacc  was  v^btair.cd  b\  a  r>()-k\-a.,  t>()-c\  cle 
ii:d;:c:ion  reculitor  with,  wlucli  ih.e  press-arc  ap]-^;ied  to  t]:e 
transfonr.er  pn:r.ary  v\v.:lvl  be  \aru\l  from  zero  to  twice  the 
ccr.eratcr  vc''ac<^    r.i  a  sa':s'.,u'. cry   ".v.ar.ncr. 
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Voltmeters  of  the  electrodynamometer  type  were  used,  all 
being  checked  against  the  same  precision  voltmeter.  The 
larger  secondary  currents  were  measured  by  a  hot-wire  ammeter; 
smaller  currents,  by  voltmeters  used  as  ammeters. 

For  the  tests  with  condensive  load,  sixty  J-mf.,  2000-volt 
condensers  were  available.  These  were  used  in  two  different 
combinations,  viz.,  all  in  series,  and  thirty  in  series,  two  in 
parallel. 

The  actual  secondary  voltage  was  determined  by  a  standard 
250-mm.  sphere  gap.  The  relation  between  the  length  of  gap 
and  voltage  and  the  correction  for  air  density  as  specified  in 
the  Standardization  Rules  of  the  Institute  were  used.  Inci- 
dentally, the  air  density  correction  factor,  *,  for  250-mm. 
spheres,  corresponding  to  a  barometric  pressure  of  h  mm.  and 
an  air  temperature  of  /  deg.  cent.,  can  be  expressed  as  a  function 
of  b  and  /  thus:' 

_  0.366  ft 
*  -  273TT  +  ^-^^ 

In  most  of  the  tests  the  gap  was  set  at  a  certain  length  and 
the  voltage  slowly  raised  until  spark-over  occurred;  in  some 
cases,  however,  the  gap  was  shortened  slowly  with  the  voltage 
constant.  There  was  little  difference  in  the  results  obtained 
by  the  two  methods  of  manipulation  although  the  first  method 
gave  slightly  more  consistent  results  and  was  therefore  preferred. 
In  using  the  gap  a  set  of  observations  was  considered  good  only 
when  the  voltmeter  (on  the  tertiary  coil)  indicated  stable  con- 
ditions at  the  moment  of  breakdown.  Each  point  is  the 
mean  of  five  to  seven  trials. 

Determination  of  Crest  Factors 
Polar  oscillograms  of  the  voltages  and  currents  were  taken 
and  the  first  six  odd  harmonic  components  of  the  waves  were 
determined  by  a  mechanical  analyzer.'  The  crest  values  were 
then  obtained  by  calculating  the  ordinates  of  the  waves  at  a 
few  degrees  on  either  side  of  the  angle  at  which  an  ii^pection 
of  the  oscillogram  indicated  the  peak.  The  crest  values  thus 
determined  from  the  harmonic  components  were  checked  by 
direct  measiu-ement  of  the  amplitudes  on  the  oscillograms. 

2.  Derived  from  Peek's  eq.  (4),  p.  931,  Trans.  A.I.E.E.,  Vol,  XXXIII, 
1914. 

3.  EUctric  Journal,  Feb.  1914,  May,  1914. 
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TABLE  I— SECONDARY  VOLTAGE  DERIVED  PROM  TERTIARY  VOLTAGE 

(Secondary  preiture  derived  from  the  observed  tertiary  voltage  and  expressed  as  the 
r.  m.  s.  value  of  the  sine  wave  of  equal  peak.) 

Ratio  of  secondary  turns  to  tertiary  turns  ■-  1000  :  1 


Test 

Supply 

Secondary  current  (amp.)*. . . 

Tertiary  r.  m.  s.  volts  X 
1000  -  fii 

Crest  factor  of  tertiary  volt- 
age +   V2   -  Fi 

R.  m.  s.  value  of  sine  of  equal 
peak  of  ter.  volU  X  1000 
"EtPt 

Secondary  volts  by  gap.  R. 
m.  s.  value  of  sine  of  equal 
peak  -  £9 

Per  cent  error  by  (a)  r.  m.s. 
ter.  volts  alone 

(b)  ter.  volts  corrected  for 
crest  factor 

Pigures 


1 

A 
0.024 

2 

A 

0.035 

3 

A 

0.114 

4 

A 

0.342 

5 

B 

0.031 

6 

B 

0.110 

7 

C 

0.0306 

8 

C 

0.323 

99.300 

95.400 

68.900 

59.000 

86,000 

63.300 

56.100 

48.600 

1.026 

1.024 

1.011 

0.968 

1.127 

1.067 

1.017 

1.212 

101900 

97,700 

69.700 

67.100 

96.900 

67.500 

57.100 

58.900 

103700 

96.900 

69,300 

57.600 

96.600 

67.400 

57.900 

57,600 

—4.2 

—  1.5 

—  0.6 

+2.4 

—11.0 

—  6.1 

—  3.1 

—15.6 

—  1.7 
5 

+  0.8 
6 

+  0.6 

7 

—  0.9 
8.13 

+  0.3 
9 

+  0.2 
10 

—  1.4 
11.14 

+  2.3 
12.15 

An  inspection  of  the  above  data  shows  that  the  tertiary 
voltage  corrected  for  crest  factor  is  a  satisfactory  measure  of  the 
actual  secondary  voltage  as  determined  by  a  sphere  gap. 

Obviously  the  r.m.s.  value  of  the  tertiary  voltage  should 
not  be  used  alone  as  a  measure  of  the  secondary  voltage,  when 
the  latter  is  defined  in  terms  of  the  crest  value,  unless  some- 
thing is  known  about  the  crest  factor.  The  wave  shape  of  the 
secondary  voltage  depends  upon  so  many  factors  of  complex 
relationship  that  it  is  practically  impossible  to  predict  how 
the  crest  factor  will  be  changed  by  a  given  change  in  the  con- 
ditions of  load  or  supply.  The  condensive  character  of  the 
usual  load  in  combination  with  one  or  more  of  the  several  in- 
ductances of  the  system  may  result  in  the  amplification  of  one 
of  the  higher  harmonics  through  partial,  if  not  full,  resonance, 
or  it  may  result  in  suppression  of  the  higher  harmonics.  Mag- 
netic saturation  in  the  generator,  control  apparatus  and  the 
transformer  plays  an  important  part  in  wave  distortion,  while 
corona,  by  changing  the  value  and  phase  of  the  current,  may 
contribute  to  the  effect  through  generator  reactions. 

In  this  connection  it  is  interesting  to  study  the  oscillograms 
and  the  crest  factors  of  the  voltage  waves.  In  tests  1  to  4 
(Figs.  5  to  8)  the  generator  was  connected  to  give  a  "good" 
e.m.f.  wave  (Supply  ^4).  As  the  load  was  increased  the  ter- 
tiary voltage  wave  shape  changed  from  a  peaked  form  to  a 


PLATE  III. 

A.  f.  E.  E. 

VOL.    XXXV,     1916 


Fic. 


-'1'kst    No.     1 


(work] 


rest  fact'tr  (;f  primary  volla^t.-    =  I  .421 
re<t  I  actor  of  tertiary  voltaic    -   1    l.'il 


Trrst  factor  of  primary  voltav^ 
('rest  factor  of  tt-rtiary  voltaj. 


Fic. 


-Tk^t  No.  :•; 


)l   prnnar\- 
>f  tt-rtiary 


|\\  'JKK) 


-    1     l.{(l 


PLATE  >V, 

A.  I,  £,  £. 

VOL.     KXXV,    1916 


Ph..  if    -ThSJ  Sn.  -i 


{•.V<Jk|ij 


I  iSi  J  If  k  I 


'  I  mi 

=  1  u»» 

-  \  .\2S 


'  "  H'Vl   if^tl  <  ?r  Ui  I'   r^T  rW  inf  y   V  1 1 J 1  «i  iif  ft 

t  rif».1  tftrtnf  kjf  lutrjLfiTiii  i>|^  Injji  t^tirn  n 


h^uKKt 


^  I 


713 


19161  WORK:  HIGH  VOLTAGE  MEASUREMENT  123 

flat-topped  form,  the  crest  factor  varying  apparently  as  a  linear 
function  of  the  secondary  current.  In  tests  5  and  6  (Figs.  9 
and  10)  Supply  B  was  used.  The  chief  impurity  in  these 
tertiary  wave  shapes  is  the  third  harmonic.  This  component 
was  19.2  per  cent  of  the  fundamental  with  the  lighter  load  but 
only  6.5  per  cent  with  the  heavier  load,  the  resulting  change  in 
the  crest  factor  being  from  1.593  to  1.509.  The  addition  of 
load  here  reduced  the  crest  factor.  Figs.  11  and  12  (tests  7 
and  8)  are  especially  interesting  in  that  they  show  great  changes 
in  wave  .shape  and  crest  factor  produced  by  simply  changing 
the  load.  The  chief  impurity  in  the  tertiary  wave  shape  is 
again  the  third  harmonic.  Here  an  increase  in  the  load  lowered 
this  component  in  value  from. 36  per  cent  to  24  per  cent,  and, 
what  is  of  more  importance,  practically  reversed  its  phase, 
resulting  in  a  change  in  the  crest  factor  from  1.438  to  1.714. 


Tertiarv  VbNajt 

Inter*!  ^  ^o*d  Current 

Fig.  13 

The  addition  of  load  in  this  case  therefore  increased  the  crest 
factor. 

There  is  some  evidence  that  the  tertiary  voltage  wave  form 
is  more  likely  to  resemble  the  secondary  voltage  wave  form 
than  the  wave  form  of  the  primary  voltage.  No  attempt  was 
made  to  determine  the  high-tension  wave  form  directly,  but  in 
three  of  the  tests  this  wave  shape  was  derived  by  integrating 
the  current  through  the  condensive  load  expressed  as  a  har- 
monic series.  Dividing  this  integral  by  the  capacitance  of  the 
load  gave  the  harmonic  series  representing  the  secondary 
terminal  voltage.  Figs.  13,  14  and  15  compare  the  several 
voltage  waves  as  mechanically  synthesized  from  their  respective 
harmonic  series.  The  scale  of  these  figures  is  so  chosen  that 
all  the  waves  have  the  same  r.m.s.  value.  The  secondary  wave 
shape  determined  in  this  manner  is  not  strictly  correct,  on 
account  of  some  corona  current  which  was  present.     By  inte- 
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j:nitin.i;  thr  wlmlr  load  cunvtit  and  thus  iK'norin^^  the  in-phase 
(M)iniH)ti(Mit  dnr  to  rorona  tho  ivsultin^;  wave  is  made  to  appear 
to  thr  ri^'Jit  of  thr  tnir  nirvr;  and,  further,  since. the  shift  of 
thr  fundain^Mital  is  prop(»rtionatdy  K^oater  than  for  the  higher 
hannonii's,  tlir  sliapr  t»f  tho  wave  is  affected.  This  error  is 
rsprciallv  notiird  in  Vh\.  M.  where  the  capacitance  of  the  load 
was  tlu^  smalUvil  and  tho  corona  current  therefore  largest  as 
(Miinpau't!  ti»  tho  I'onih-nsrr  current.  Fig.  15  shows  a  marked 
ihlhuMu-o  iM'twtMU  the  primary  voltage  wave  and  the  secondary 
\uh.»>:r  N\<n'o  ol»laintMl  by  integration,  but  the  latter  wave  is 
in   l.iu    (iKU-rmrnt    witli   the  wave  of  tertiary  voltage. 

Ihi-a'  h-.h.,  It'W  as  they  are,  show  the  necessity  for  a  knowl- 
\'\\\y    ot    Ihr  crt'sl   factor  under  the  particular  conditions  of  the 


Fig.   14 


Fig.  15 


test  in  order  to  use  the  voltage  of  a  tertiary  coil  as  an  accurate 
measure  of  the  secondary  voltcige. 

Skconuary  Voltage  Mkasured  by  Crest  Volt.meter 
(Vest  voltmeters  having  indications  de])endent  u])on  the 
average  value  of  the  charging  current  taken  by  a  condenser 
and  thereby  measuring  the  jjcak  value  of  the  voltage  across 
the  condenser  have  been  used  in  ex])erimental  testmg.*  In 
order  to  learn  something  of  the  usefulness  of  these  meters  under 
conditions  prevailing  in  ordinary  high-tension  testing,  a  meter 
of  this  type  was  also  used  to  measure  the  high-tension  ])ressure 
in  all  but  test  1. 

4.  Calibration  of  the  Sphere  Gap  Voltmeter,  Chubb  and  Fortescue. 
Trans.  A.I.E.E.,  1913,  Vol.  XXXII,  page  739. 

The  Electric  Strength  of  Air,  \\h\tG\\Q3.(\  and  Gorton.  Trans.  A.I.E.E., 
Vol.  XXXIII,  1914.   p.  9.51. 
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For  clearness  the  observations  are  here  exhibited  in  a  sepa- 
rate table. 


TABLE  II— SECONDARY    PRESSURE    MEASURED    BY    CREST   VOLTMETER 

AND  EXPRESSED  AS  THE  R.M.S.  VALUE  OP  THE  SINE  WAVE 

OP  EQUAL  PEAK 


Crest 

Sec.  volU 

Sec.  volts 

Error  of  crest 

Test 

Supply 

voltmeter 

by  gap 

by  integ. 

voltmeter 

r.  m.  s. 

load  cur. 

per  cent 

2 

A 

06.600 

06.900 

-0.3 

3 

A 

69.600 

60.300 

+  0.4 

4 

•     A 

67.600 

67.600 

67.400 

-0.2 

5 

B 

06.400 

06.600 

-0.2 

6 

B 

68.300 

67.400 

+  1.3 

7 

C 

82.700 

67.900 

+  42.8 

8 

C 

56.000 

67.600 

57.100 

—  1.2 

The  measurement  of  high  voltages  by  this  method  has  sub- 
stantially the  simplicity  of  the  ordinary  methods  for  low  voltage, 
with  a  precision  apparently  limited  only  by  the  difficulties  of 
original  calibration,  save  in  one  respect.  Meters  of  this  type, 
employing  rectifying  bulbs,  are  inherently  incapable  of  giving 
indications  proportional  to  the  highest  peak  of  a  voltage  wave 
which  has  several  peaks  in  a  half-cycle.  With  waves  of  this 
kind  the  current  through  the  condenser  will  have  both  positive 
and  negative  lobes  in  a  half-cycle.  Now  the  crest  value  of  the 
voltage  is  proportional  to  the  maximum  quantity  of  electricity 
in  the  condenser,  and  this  quantity  is  proportional  to  the  net 
area  of  the  current-time  curve  for  one  half-cycle,  negative  lobes 
counting  as  negative  areas.  The  permanent  magnet  type  in- 
strument in  series  with  a  rectifying  bulb  indicates  the  average 
positive  current  throughout  a  whole  cycle  and  thus  measures 
the  sum  of  the  areas  of  all  the  positive  lobes  of  the  current- 
time  curve  in  a  whole  cycle,  failing  to  subtract  the  areas  of  the 
negative  lobes  when  these  are  present  in  the  first  half-cycle 
and  adding  the  areas  of  the  same  lobes  when  they  appear  on 
the  positive  side  in  the  second  half-cycle.  The  error  is  there- 
fore a  double  one,  both  elements  causing  the  meter  to  measure 
a  current  greater  than  the  true  average  current  and  therefore 
to  indicate  a  voltage  greater  than  the  true  high-tension  voltage. 
Test  7  (Fig.  11)  shows  a  case  in  which  an  extreme  effect  of  this 
kind  was  purposely  obtained  by  resorting  to  the  use  of  Supply  C. 
Distortions  of  this  degree  are  difficult  to  produce  and  are  not 
likely  to  occur  in  practise. 
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An  error  of  another  kind  will  be  introduced  in  the  measure- 
ment unless  the  frequency  of  the  e.m.f .  being  measured  is  the 
same  as  the  frequency  employed  in  the  original  calibration  of 
the  meter.  Since  with  a  constant  e.m.f.  the  meter  reading  will 
vary  directly  as  the  frequency,  the  proper  correction  can  be 
easily  applied. 

TABLE  III— SECONDARY  VOLTAGE   DERIVED  PROM   PRIMARY  VOLTAGE 
(The  secondary  pressure  expressed  as  the  r.  m.  s.  value  of  the  sine  wave  of  equal  peak  is 
assumed   equal    to  r.  m.  s.  value  of  primary  pressure  multiplied  by  the  ratio  of  its  crest 
factor  to  "^  2  and  by  the  ratio  of  turns.) 


Test 

Supply 

Sec.  currents  (amps.* 

Primary  r.  m.  s.  volts  —  JEt. . . 
Pri.  voltage  crest  factor  +  V  2 

-  Ft 

Ratio  of  turns  "  K , 

Calculated  sec.  volU  -  £i  f 

K 

Sec.  volts  by  gap.  r.  m.  s 

Per  cent  error 

Figures 


1 

A 
0.024 
238.4 

1.006 
417 

99.900 

103700 

—  3.7 

5 


2 

A 
0.035 
228.5 

1.014 
417 

96.600 

96.900 

—  0.3 

6 


3 

A 
0.114 
160.0 

1.007 
417 

68.700 
69.300 
—0.9 

7 


4 

A 
0.342 
247.9 

1.000 
208 

51.700 
57.600 
—  10.2 
8.13 


5 

B 
0.031 
205.4 

1.118 
417 

95.700 

96.600 

—  0.9 

9 


6 

B 
0.110 
146.6 

1.042 
417 

63.700 

67.400 

—  5.5 

10 


7 

C 

0.0306 

265.7 

0.989 
208 

54.700 
57.900 
—  6.6 
11.14 


8 

C 
0.323 
198.5 

1.016 
208 

42.000 
57.600 
—27.1 
12.15 


As  would  be  expected,  the  primary  voltage,  even  when  cor- 
rected for  crest  factor,  is  not,  in  general,  a  satisfactory  measure 
of  the  secondary  voltage,  largely  because  the  wave  form  of 
the  primary  voltage  may  or  may  not  resemble  the  wave  form 
of  the  secondary  voltage  under  given  circuit  conditions,  the 
difference  being  especially  noticeable  in  Fig.  15.  Of  course  the 
use  of  the  simple  ratio  of  turns  is  responsible  for  part  of  the 
error,  because  the  internal  resistance  and  reactancje  drops  in 
the  transformer  are  thereby  neglected. 

Conclusions 

For  the  conditions  of  test  and  with  the  apparatus  used,  the 
following  conclusions  may  be  drawn: 

It  is  possible  to  wind  in  a  high-tension  transformer  a  tertiary 
(or  voltmeter)  coil  in  such  a  manner  that  the  voltage  induced 
in  this  tertiary  coil,  when  corrected  for  crest  factor,  is  a  satis- 
factory measure  of  the  secondary  terminal  pressure. 

A  crest  voltmeter  provides  a  convenient  and,  in  general,  an 
accurate  means  for  measuring  high  voltages,  though  errors  can 
be  introduced  by  the  use  of  extremely  distorted  voltage  waves. 

The  primary  voltage,  even  when  corrected  for  crest  factor, 
is  an  uncertain  measure  of  the  secondary  voltage  because  the 
respective  wave  forms  may  differ. 
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Discussion  on  "  Crest  Voltmeters  *'  (Sharp  and  Doyle), 
**  The  Crest  Voltmeter  "  (Chubb),  "  The  Voltmeter 
Coil  in  Testing  Transformers  **  (Hendricks),  "  Notes 
ON  THE  Measurement  of  High  Voltage  "  (Work),  New 
York,  Feb.  8,  1916. 

E.  E.  F.  Creighton:  The  question  of  the  measurement  of  high 
frequency  is  always  important,  and  always  will  be  important 
until  all  the  problems  relative  to  the  protection  of  apparatus  are 
solved.  Dr.  Sharp's  statement  that  the  kenotron  might  be  used 
for  the  measurement  of  high  frequency  is  of  the  greatest  import- 
ance. The  dielectric  spark  lag  of  a  perfect  vacuum  is  practically 
infinite,  because  there  are  no  ions  present.  Going  down  to  a 
vacuum  of  something  like  fifteen  millimeters  in  the. usual  gases 
the  dielectric  spark  lag  decreases  to  about  the  low  value  at 
atmospheric  pressure. 

It  would  be  of  interest  to  know  in  these  cases  how  high  fre- 
quencies were  used  in  the  kenotron.  I  had  a  feeling  that  there 
was  not  sufficient  ionization  in  the  tube  to  reduce  the  dielectric 
spark  lag  to  a  value  which  might  give  direct  indication  of  the 
voltage.  If  the  dielectric  spark  lag  is  not  great,  or  if  it  can  be 
taken  care  of  at  high  enough  ionization  with  the  filament,  there 
should  result  another  instrument  for  measuring  transitory  waves 
in  transmission  lines.     These  waves  are  very  difficult  to  get  at. 

At  the  present  time  we  have  to  depend  upon  a  number  of 
sphere  gaps  connected  in  parallel,  each  one  set  to  a  different 
voltage.  For  example,  in  the  measurement  of  a  13,000-volt 
circuit  we  naturally  begin  with  the  sphere  gap  set  on  double 
potential,  and  go  on  from  that  to  2.5,  3,  3.5,  4,  qtc  In  series 
with  each  one  of  these  sphere  gaps  is  placed  a  recording  device, 
usually  operating  on  the  principle  of  the  Branly  coherer.  If, 
however,  the  kenotron  can  be  used  for  these  high  frequencies, 
and  high  potentials,  it  will  give  a  simpler  method  of  measuring 
and  recording  these  transitory  voltages. 

F.  W.  Peek,  Jr. :  I  have  used  one  or  the  other  of  these  methods 
in  measuring  high  voltages  at  the  ordinary  frequencies  of  power 
transmission,  high-voltage  direct  current,  transient  voltages  of 
the  duration  in  some  cases,  of  a  few  million ths  of  a  second,  and 
continuous  high-frequency  voltages.  The  voltage  range  in  these 
measurements  was  from  zero  to  almost  a  million  volts.  I  shall 
review  the  various  methods  and  state  their  possibilities  and 
limitations  as  I  have  found  them  in  my  experience. 

For  the  purpose  of  discussion,  the  methods  of  measuring  high 
voltages  may  be  divided  into  three  classes,  (1)  the  spark  gap; 
(2)  the  crest  voltmeter  consisting  of  a  condenser  and  a  rectifier 
in  combination  with  frequency  meters,  ammeters,  or  static  volt- 
meters connected  directly  to  the  high-voltage  line;  (3)  the  volt- 
meter coil,  on  the  high-voltage  side  of  the  transformer,  in 
combination   with   a  low-voltage   crest   voltmeter. 
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In  discussing  (1),  the  spark  gap,  it  is  only  necessary  to  consider 
the  sphere.  With  this  form  of  gap  there  is  no  humidity  correc- 
tion to  make.  The  correction  for  air  density  is  readily  made. 
The  sphere  gap  will  measure  correctly  the  crest  voltage  of  the 
most  distorted  wave;  it  will  measure  correctly,  direct  current, 
high  frequency  over  a  considerable  range,  and  impulse  and 
transient  voltages  of  a  few  micro-seconds  duration.*  In  many 
high-voltage  measurements  the  sphere  gap  is  very  desirable,  in 
fact,  necessary,  to  detect  oscillations.  It  is  invaluable  in  the 
laboratory  in  investigating  transient  voltages.  The  disadvan- 
tage of  the  sphere  gap  is  that  it  must  be  set. 

Under  (2),  two  forms  of  crest  voltmeters  connected  directly 
to  the  line  have  been  described.  In  the  method  described  by 
Mr.  Qhubb  unidirectional  voltage  is  applied  to  a  condenser  by 
means  of  a  rectifier.  The  current  and  frequency  are  read.  Good 
results  may  be  obtained  if  the  wave  shape  is  not  much  distorted. 
Errors  will  result  if  there  is  insulation  or  corona  loss  in  the  con- 
denser as  this  loss  current  will  be  read  on  the  meter.  If  the  volt- 
age wave  has  a  double  peak,  or  a  sharp  peak,  large  errors  will 
result.  This  is  shown  in  the  paper  by  Mr.  Work  where  a  wave 
of  the  type  Fig.  14  causes  an  error  of  over  40  per  cent.  This  is  a 
much  larger  error  than  would  have  resulted  if  no  attempt  had 
been  made  at  correction.  In  the  method  described  by  Messrs. 
Sharp  and  Doyle  the  rectified  voltage  wave  is  applied  to  a 
condenser.  The  condenser  is  thus  charged  up  to  the  maximum 
of  the  wave.  The  condenser  voltage  is  read  by  a  static  voltmeter. 
I  have  used  this  method  directly  on  the  line  for  voltages  of  over 
100  kv.  I  believe  it  to  be  the  more  practicable  of  these  two  meth- 
ods. Good  results  mav  be  obtained  if  the  insulation  is  very 
good  and  the  condenser  is  of  fairly  high  capacity.  If  leakage 
occurs  the  voltage  reading  will  be  too  low.  Thus,  for  high 
voltages,  the  condensers  become  excessively  large.  More  will 
be  said  of  the  application  of  this  method  at  low  voltages,  later. 
Both  of  these  methods  have  extensive  use  in  the  laboratory  and 
may  be  of  use  in  some  practical  work.  Neither  will  measure 
transients  or  detect  oscillations. 

The  voltmeter  coil,  method  (3),  consists  of  taps  brought  out 
from  a  few  turns  of  the  high-voltage  winding  of  the  transformer, 
generally  at  the  neutral  point  where  the  voltage  above  ground  is 
zero.  I  have  for  years  used  a  transformer,  designed  by  Mr.  Hen- 
dricks, equipped  with  such  a  coil.  I  have  made  hundreds  of 
check  tests  with  voltmeter  coils  and  find  that  when  the  trans- 
former is  properly  designed,  and  the  coil  properly  placed,  the 
voltage  and  the  wave  measured  from  the  coil  check  very  closely 
with  the  voltage  and  wave  shape  across  the  high-side  winding. 
The  voltmeter  coil  requires  practically  no  extra  equipment  and 
involves  practically  no  extra  cost.  The  effective  voltage  may  be 
read  by  a  standard  voltmeter,  the  maximum  may  be  read  by  a 

1.  F.  W.  Peek,  Jr.,  "The  Effect  of  Transient  Voltages  on  Dielectrics." 
Trans.  A.  I.  E.  E.,  Vol.  XXXIV,  1915,  p.  1857. 
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low-voltage  crest  voltmeter.  This  crest  voltmeter  may  be  of 
the  type  described  by  Messrs.  Sharp  and  Doyle  and  need  not  be 
large  and  expensive  as  in  the  case  of  the  high-voltage  types. 
An  oscillogram  of  the  voltage  wave  may  be  taken  at  any  time. 
The  voltmeter  coil  with  crest  voltmeter  seems  to  be  decidedly 
the  best  and  most  convenient  method  of  measuring  high  voltages 
in  practical  testing  where  continuous  readings  are  desired.  This 
should  always  be  supplemented  by  a  sphere  gap  set  slightly 
above  the  applied  voltage  to  detect  oscillations,  etc. 

The  methods  of  measuring  high  voltages  may  be  summarized 
as  follows: 

(1)  The  sphere  gap  will  measure  correctly  practically  any  form 
of  voltage.  It  is  the  only  method,  at  present,  of  measuring 
certain  high-frequency  and  transient  voltages.  It  is  invaluable 
in  the  laboratory  and  in  much  commercial  work,  especially  where 
transients  are  likely  to  occur. 

Its  disadvantage  is  that  it  does.not  read  continuously.  This  is 
not  always  a  disadvantage  as  the  transformer  may  be  calibrated. 

(2)  The  various  crest  voltmeters  consisting  of  condensers, 
rectifiers,  voltmeters,  ammeters,  and  frequency  meters,  connected 
directly  to  the  high  side  of  the  line  are  useful  over  a  limited  range 
in  practical  work,  but  become  troublesome,  liable  to  error,  and 
expensive  at  high  voltage.  They  are  not  always  accurate  with 
distorted  waves. 

(3)  The  voltmeter  coil  in  connection  with  a  low- voltage  crest 
voltmeter  involves  practically  no  extra  space  or  expense  and  gives 
good  results.  The  voltmeter  coil  with  crest  voltmeter  and 
supplemented  by  a  sphere  gap  to  detect  oscillations  offers  the 
best  arrangement  for  general  commercial  testing. 

F.  M.  Fanner:  The  problem  of  measuring  high  voltages 
usually  involves  two  things,  the  mean  effective  value  and  the 
maximum  value. 

The  first  method  used  for  measuring  high  voltages  employs  the 
low-tension  voltage  and  the  ratio  of  transformation.  This 
method  is  deficient,  in  that  we  do  not  know  anything  about  the 
ratio  under  varying  load  conditions  nor  have  we  any  knowledge 
of  the  crest  factor. 

The  next  scheme  developed  was  the  use  of  electrostatic  volt- 
meters on  the  high-voltage  circuit.  That  gets  rid  of  the  ratio 
difficulties  and  gives  us  a  mean  effective  value,  but  the  scheme 
has  voltage  limitations  because  of  construction  difficulties  fat 
very  high  voltage  and  also  because  stray  electrostatic  field 
troubles  become  serious.  Furthermore  it  does  not  give  the  crest 
voltage. 

The  test  coil  seems  to  be  the  proper  thing  for  measuring  mean 
effective  values  on  the  high-voltage  side,  but  there  again,  some 
investigation  is  necessary  to  be  sure  of  the  ratio  of  the  test-coil 
voltage  to  the  total  voltage  under  various  load  conditions  and 
various  dispositions  of  the  sections  of  the  secondary  winding. 
Of  course,  in  our  very  high-voltage  testing,  it  is  not  customary  to 
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divide  the  high-tension  winding,  but  in  the  ordinary  testing 
transformer  for  routine  testing  at  moderate  voltages,  the  second- 
ary winding  is  split  up  into  two,  four,  or  even  eight  sections,  so  as 
to  be  able  to  get  the  maximum  kilovolt-ampere  capacity  of  the 
transformer  at  all  voltages. 

The  best  arrangement,  therefore,  seems  to  be  the  use  of  a  test 
coil  in  the  high-tension  winding  of  the  transformer.  An  ordinary 
voltmeter  gives  the  mean  effective  value  and  a  crest  voltmeter 
gives  us  the  maximum  value. 

There  is  one  question  I  would  like  to  ask  Mr.  Chubb.  Is 
there  any  variation  in  the  capacitance  of  the  condenser  bushing? 
At  the  very  high  voltages  is  it  possible  that  that  capacity  will 
change  and  thus  introduce  an  error.  In  other  words,  does  the 
capacity  remain  constant  at  all  voltages? 

Frederick  Bedell:  One  feature  of  the  crest  voltmeters  de- 
scribed in  these  papers  is  that  it  is  possible  by  means  of  them  to 
obtain  an  instrument  reading  of  crest  voltage  without  the  use  of  a 
synchronous  contactor.  Another  method  for  obtaining  such 
readings  without  the  use  of  any  synchronous  device  is  the  method 
described*  by  Professor  Ryan  in  which  an  impulse  transformer 
is  employed,  in  place  of  a  synchronous  contactor,  in  conjunction 
with  the  Duncan  method  for  obtaining  a-c.  wave  form.  The 
impulse-transformer  method  makes  unnecessary  the  synchronous 
contactor,  but  it  does  require  the  locating  of  the  maximum 
reading  by  trial,  so  that  readings  of  crest  voltage  are  not  made 
directly  as  by  the  crest  voltmeters  we  have  just  heard  described. 

Comfort  A.  Adams:  I  agree  thoroughly  with  Mr.  Hendricks 
that  it  is  unnecessary  to  go  to  great  lengths  in  the  measurement 
of  peak  voltage,  provided  you  have  a  suitable  alternator  and 
transformer  and  can  depend  upon  the  voltage  wave  shape  impres- 
sed upon  the  transformer,  in  which  case  an  ordinary  voltmeter 
connected  to  a  suitably  placed  voltmeter  coil  in  the  transformer, 
will  give  fairly  accurate  results.  Moreover,  such  an  equip- 
ment is  desirable  not  only  because  it  facilitates  voltage  measure-^ 
ment,  but  also  because  harmonics  in  the  e.  m.  f .  wave  are" 
undesirable  on  at  least  two  other  accounts.  They  produce 
undue  heating  of  the  dielectric  in  some  cases,  and  also  tend  to 
encourage  transients  of  still  higher  frequencies. 

We  have  much  to  learn  on  this  subject  of  insulation  and  cable 
testing.  In  high-voltage  testing  very  high-frequency  transients 
of  excess  voltage  do  occur,  of  this  there  is  ample  evidence,  and 
until  they  are  under  control  or  brought  within  the  realm  of 
measurement,  it  behooves  us  to  go  slowly.  As  yet  the  spark  gap 
in  some  form  is  the  only  simple  detector  of  transients,  but  even 
if  it  could  be  conveniently  arranged  for  measurement  rather 
than  for  detection,  it  would  still  be  dangerous  because  of  its 
habit  of  producing  the  very  kind  of  a  disturbance  it  is  employed 
to  detect.  Some  materials  withstand  abnormal  transients 
without  rupture,  provided  they  are  not  repeated  too  often,  while 

2.  Transactions,  Vol.  XVI,  p.  345, 1899. 
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more  fluid  materials  will  fail  and  heal  up  many  times  before 
final  rupture. 

W.  L  Middleton:  It  is  very  apparent  from  the  papers  that 
have  been  presented  here  today  that  the  importance  of  a  knowl- 
edge of  the  maximtun  voltage  vi  connection  with  high-voltage 
testing  is  being  appreciated  more  and  more.  It  is  not  so  much 
a  question  of  whether  the  wave  is  distorted  or  not,  but  as  to 
how  much,  and  until  generators  giving  a  sine  wave  under  a 
testing  load  are  more  commonly  used  than  at  present,  it  should 
be  the  desire  of  all  interested  to  develop  an  instrument  or  instru- 
ments, that  will  give  a  direct  reading  in  volts  of  the  pressure  at 
the  peak,  or  crest,  of  the  voltage  wave. 

In  the  early  part  of  1900  all  of  our  investigations  in  high-volt- 
age testing  were  done  with  the  spark  gap,  and  by  its  constant 
use  under  every  condition  of  test  that  would  arise,  we  were  con- 
vinced that  it  was  impossible  to  tell  accurately  what  was  the 
maximimi  voltage  being  applied  to  a  cable  under  test. 

In  the  latter  part  of  1911,  while  investigating  the  variations 
in  the  voltage  waves  of  our  testing  set  with  an  oscillograph,  Mr. 
Dawes  and  I  decided  that  as  it  was  the  peak  of  the  wave  we  were 
interested  in  rather  than  its  shape,  an  instrument  much  simpler 
than  the  oscillograph  could  be  made,  and  in  April,  1912,  a  working 
model  of  our  instnmient  was  being  used  in  our  factory. 

The  authors  show  some  badly  distorted  waves  obtained  under 
testing  conditions:  We  have  expeiienced  considerable  difficulty 
from  just  such  waves. 

Fig.  1  shows  a  voltage  wave  obtained  from  a  single-phase 
generator  when  it  was  supplying  power  to  a  step-up  transformer, 
to  the  secondary  of  which  was  connected  a  cable  undergoing  test. 
The  voltage  wave  is  not  unlike  some  of  those  shown  in  the  papers. 
The  current  wave  crosses  the  zero  axis  three  times  in  a  half  cycle; 
its  third  harmonic  has  a  greater  amplitude  than  its  fundamental. 
We  have  found  the  peak  voltmeter  very  useful  in  checking  such 
waves. 

The  instrument  which  we  are  using  is  based  on  the  oscillograph 
principle,  and  therefore  takes  a  very  appreciable  current,  so  we 
cannot  use  a  condenser  train  as  a  multiplier  without  going  to 
considerable  trouble  and  expense.  Therefore,  we  are  obliged  to 
use  an  instrument  transformer  to  step  down  the  voltage. 

There  has  been  raised  some  question  regarding  wave  distortion 
taking  place  through  a  potential  transformer.  We  have  checked 
peak  factors  at  various  times  with  our  peak  voltmeter,  but  have 
never  been  able  to  detect  any  difference  between  those  on  the 
primary  of  the  step-up  transformer  and  those  at  the  secondary 
of  the  potential  transformer.  As  further,  evidence,  we  have 
taken  oscillograms  of  such  waves. 

In  Fig.  2,  the  wave  marked  G  £  is  the  voltage  wave  of  a  special 
sine-wave  alternator.  As  we  have  never  been  able  to  apply  a 
load  that  would  produce  any  appreciable  change  in  the  shape  of 
this  wave,  we  introduced  an  air-core  choke-coil  into  the  line  in 
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series  with  the  primary  of  the  step-up  transformer.  Due  to  the 
non-sinusoidal  drop  through  this  choke-coil,  the  voltage  at  the 
transformer  terminals  had  the  form  shown  by  the  Wave  Ti. 
The  wave  T%  was  taken  simultaneously  on  the  secondary  of  the 
potential  transformer.  The  oscillograph  vibrators  were  con- 
nected so  that  both  waves  were  on  the  same  side  of  the  zero  axis, 
and  the  multipliers  were  so  adjusted  that  each  voltage  wave  had 
the  same  amplitude.  It  will  be  seen  that  there  is  no  appreciable 
difference  in  the  shape  of  the  two  waves.  There  is,  of  course, 
a  slight  shifting  of  phase  through  the  two  transformers.  Any 
variation  of  the  voltage  wave  form  is  due  to  the  fact  that  the 
current  produces  IR  and  IX  drops  in  the  transformer  windings, 
which  differ  considerably  in  wave  form  from  that  of  the  applied 
potential  wave.  Also  these  waves  were  taken  at  only  13,000 
volts.  I  realize  that,  at  the  higher  voltages,  distortion  may  occur 
due  to  capacity  effects  in  the  transformer  windings. 

If  Dr.  Sharp  has  developed  an  instrument  that  will  trap  and 
hold  transient  voltage  peaks  so  that  their  value  may  be  deter- 
mined, I  am  sure  that  it  will  be  found  very  useful  in  connection 
with  high-voltage  testing,  especially  in  cable  testing,  where  there 
is  a  large  amount  of  capacity  in  the  circuit.  We  have  evidence 
that  surges  occur  very  frequently  when  the  cable  is  long  and  the 
voltage  is  high.  I  am  certain  that  many  cables  have  punctured 
at  voltages  much  higher  than  have  been  shown  on  the  indicating 
instruments,  due  to  surges  occurring  in  the  circuit.  The  pres- 
ence of  these  transient  peaks  may  be  wholly  unknown  to  the 
person  making  the  test,  unless  he  has  some  such  instrument  as 
Dr.  Sharp  describes. 

J.  R.  Craighead:  I  made  a  few  experiments  and  got  some  data 
in  connection  with  the  use  of  the  kenotron  with  the  electrostatic 
voltmeter  on  high-tension  circuits  at  60  cycles.  In  order  to  get 
the  matter  down  to  a  point  where  a  comparison  could  be  made 
with  the  oscillograph  with  series  resistance,  voltages  were  used, 
not  of  the  order  being  talked  about  this  afternoon,  but  with  the 
maximum  limited  to  7000  volts.  The  oscillograph  was  used 
photographically  each  time,  and  measurements  made  as  carefully 
as  possible  in  order  to  determine  the  correspondence  between  the 
electrostatic  and  the  oscillograph.  The  electrostatic  itself  was 
calibrated  on  a  sine  wave  after  each  successive  trial,  in  order  to 
be  sure  that  the  instrument  itself  did  not  change.  Three  waves 
were  used,  the  crest  factors  varying  from  1.405,  which  was  prac- 
tically a  sine  wave,  up  to  1.56.  One  of  the  three  waves,  the  one 
whose  crest  factor  was  1.56  had  three  peaks  between  each  pair 
of  zeros,  although  two  of  the  peaks  were  very  small. 

The  results,  of  which  I  have  made  a  tabulation,  show  that  the 
maximum  difference  within  six  successive  trials  taken  of  the 
three  waves,  between  the  crest  voltmeter  and  the  oscillograph, 
was  about  0.2  of  1  per  cent.  The  maximum  difference  on  any 
trial  was  about  1.2  per  cent,  which  was  practically  as  close  as  a 
standard  electrostatic  voltmeter  of  10,000  volts  could  be  used 


PLATE   V. 

A.  I.  E.  E. 

VOL.     XXXV,     1916 


4-  if-*9^ 


Vu,.  1 


(Mn>[)l.KT(>N) 


Fl( 


I  MlPDl.t.  loNi 


19161 


DISCUSSION  AT  NEW  YORK 


133 


at  that  point.  All  of  the  trials  came  within  considerably  less 
than  1.2  per  cent,  which  represented  the  outside  of  the  six. 

In  respect  to  the  rectifier  that  was  used,  there  is  a  characteristic 
of  most  rectifiers  that  causes  them  to  have  a  rather  definite 
voltage  drop  which  is  not  altogether  dependent  on  the  current 
nor  proportional  to  the  current.  In  order  to  show  as  much  of 
this  drop  as  possible  a  kenotron  was  used  which  was  capable  of 
standing  about  70,000  volts  maximum,  at  about  10  per  cent  of 
the  voltage  it  was  expected  to  stand. 

In  respect  to  the  capacity  which  was  necessary  in  order  to 
keep  the  voltmeter  at  a  correct  maximum  reading,  a  very  much 
smaller  value  than  Dr.  Sharp  has  suggested  was  found  quite 
satisfactory.  For  the  most  part,  these  tests  were  made  with 
0.002  of  a  microfarad  in  multiple  with  the  voltmeter  itself. 

The  table  to  which  I  refer  is  as  follows: 


No. 
of 
test 

Average 
crest 
factor 

Average  of  maximum 
readings 

Per  cent  variation  of  electrostatic  volt- 
meter with  Kenotion  from  oscillograph 

Oscillograph 
through 
resistance 

El.  volt- 
meter with 
kenotron 

Maximum 
positive 

Maximum 
negative 

Average 

1-2 
5-6 

1.406 
1.485 
1.56 

7186 
7126 
7165 

7175 
7185 
7165 

-h  0.7 
+  1.2 
-f-  0.5 

-  1.0 

-  0.4 

-   0.2 

+  0.8 

0 

I  ask  Dr.  Sharp  if  his  tests  were  all  made,  as  shown  on  the 
diagram,  on  ungrounded  circuits  or  whether  he  used  grounded 
circuits  in  any  instance,  and  at  what  voltages  the  tests  were  made. 

C.  L.  Dawes:  There  is  still  another  type  of  crest  voltmeter 
which  has  not  been  mentioned.  We  have  found  the  oscillograph 
type  of  crest  voltmeter  very  useful  in  connection  with  cable 
testing,  but  there  are  certain  conditions  under  which  it  cannot 
be  used  to  advantage  because  of  the  very  appreciable  current 
which  it  requires  for  its  operation.  This  has  led  me  to  develop 
an  electrostatic  type  of  meter.  The  principle  of  the  instrument 
is  not  original,  but  was  suggested  to  Prof.  A.  A.  Laws  and  myself 
by  a  paper  written  by  E.  T.  Jones,  appearing  in  the  Philosophical 
Magazine^  some  time  ago.  However,  the  instrument  there  de- 
scribed was  wholly  unsuited  for  high-voltage  testing,  and  there- 
fore it  was  necessary  to  modify  the  design  very  materially. 

Fig.  3  shows  the  general  scheme  of  the  voltmeter.  For  the 
sake  of  clearness,  no  attempt  has  been  made  to  show  the  parts 
in   their   correct   proportion. '  A   phosphor-bronze   filament   is 

^"  A  Short  Period  Electrometer  and  Its  Use  in  Determining  the  Fre- 
quencies of  Slow  Electrical  Oscillations."  Philosophical  Magazine,  1907, 
p.  238. 


134 


HIGH  VOLTAGE  MEASUREMENT 


[Feb.  8 


stretched  between  two  points  of  support  AA^  the  proper  tension 
being  secured  by  the  spring  B.  This  filament  is  held  to  the 
spring  by  a  short  length  of  silk  thread  for  insulating  reasons. 
Beside  and  close  to  this  filament  a  small  silk  thread  Cis  stretched, 
being  drawn  as  tightly  as  its  tensile  strength  will  permit. 
Across  the  filament  and  thread,  midway  between  the  supports  A , 
a  small  mirror  D  is  cemented. 

In  front  of  the  filament  and  very  close  to  it,  a  brass  plate  E 
is  fastened.  Through  the  center  of  £,  there  is  a  small  hole  just 
large  enough  to  allow  a  beam  of  light  to  enter  and  leave.  The 
filament  and  this  plate  are  connected  together  to  form  one  ter- 
minal of  the  instrument.  The  other  terminal  of  the  instrument 
is  the  small  brass  plate  F,  secured  to  the  hard  rubber  barrier. 


PHotpfiorBronz* 
Filament 


^i— 


Fig.  3 


il5.2cfn.| 

Figs.  4  and  5 


This  barrier  acts  as  a  dielectric  to  prevent  breakdown  between 
the  terminals. 

When  the  brass  plate  E  and  the  filament  are  both  positive, 
there  is  electrostatic  repulsion  between  them  because  like  charges 
exist  on  both.  On  the  other  hand,  there  is  attraction  between 
the  plate  F,  which  now  has  a  negative  charge,  and  the  filament. 
As  the  silk  thread  is  not  influenced  by  the  electrostatic  charges, 
it  remains  practically  stationary,  serving  only  as  a  hinge  about 
which  the  mirror  swings.  Therefore,  the  left  hand  side  of  the 
mirror  will  be  drawn  toward  the  barrier.  When  the  polarity 
is  reversed,  the  mirror  will  still  deflect  the  same  way,  because  the 
charges  on  plate  E  and  the  filament  are  always  the  same  and 
those  on  plate  F  and  the  filament  are  always  opposite.  There- 
fore, the  mirror  deflections  are  proportional  to  the  square  of  the 
voltage  and  the  deflection  is  always  in  the  same  direction.     The 
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deflection  of  the  mirror  is  read  by  noting  the  breadth  of  a  band 
of  light  upon  a  scale.  Fig.  4  shows  the  vibrator  which  is  remov- 
able from  the  barrier. 

The  instrument  does  not  operate  satisfactorily  in  air,  due  to 
corona  and  brush  discharge  from  the  filament,  therefore  it  is 
necessary  to  immerse  it  in  oil.  Fig.  5  shows  a  cross-section  of 
the  instrument  immersed  in  a  box  containing  white  oil.  Con- 
nections to  the  plate  are  made  through  mercury  cups,  which 
connect  to  binding  posts  through  hard  rubber  bushings. 

It  will  be  appreciated  that  this  instrument  has  so  little  electro- 
static capacity  that  it  is  almost  negligible.  Therefore,  it  is  very 
easy  to  use  it  in  connection  with  a  condenser-train  multiplier 
having  a  very  small  capacity.  Also  the  instrument  may  be  used 
to  measure  induced  potentials  upon  insulated  bodies  whose 
capacity  to  the  system  is  so  small  that  the  voltage  would  be 
disturbed  by  even  the  small  capacity  of  other  types  of  electro- 
static instruments.  For  instance,  Mr.  Middleton  and  I  have 
frequently  used  the  instrument  to  measure  induced  charges  on 
cable  sheaths  and  on  insulated  conductors  having  high-potential 
wires  in  their  neighborhood.  This  instrument  does  not  need  to 
be  grounded,  but  may  operate  at  potentials  far  above  that  of  the 
ground.  For  instance,  we  have  used  it  to  measure  a  potential 
of  30,000  volts  when  one  terminal  was  at  30,000  volts  and  the 
other  at  60,000  volts  above  ground  potential.  Up  to  the  present 
we  have  calibrated  the  instrument  by  connecting  it  to  the  second- 
ary of  a  step-up  transformer  which  is  delivering  no  load. .  Under 
these  conditions,  we  know  the  voltage  wave  to  be  essentially 
sinusoidal.  The  instrument  at  present  can  be  used  safely  up  to 
30,000  volts,  but  there  is  no  apparent  reason  why  it  cannot  be 
designed  to  operate  at  much  higher  potentials  than  this,  pro- 
vided that  appreciable  corona  discharge  from  the  filament  to  the 
oil  is  not  allowed  to  occur. 

This  voltmeter  is  independent  of  wave  form  and  negative 
loops;  although  it  cannot  register  surges,  it  has  been  able  to 
indicate  the  apparent  peak  of  surges  in  the  circuit  to  which  it 
was  connected. 

John  B.  Whitehead:  All  three  of  these  papers  describe  the 
use  of  the  electric  valve  for  measuring  the  maximum  value  of 
voltage.  Reference  is  made  to  the  work  of  Dr.  Gordon  and  my- 
self in  which  we  measured  corona  voltages  at  frequencies  higher 
than  sixty  cycles.  We  used  the  mercury  electric  valve  for  ob- 
taining maximum  values  of  voltage  at  the  higher  frequencies,  in 
much  the  same  way  as  now  described  in  these  papers. 

I  mention  this  in  order  to  answer  Mr.  Creighton's  question  as 
to  the  frequency  at  which  the  valves  may  be  used.  At  that  time 
we  were  working  up  to  3000  cycles.  From  the  nature  of  the 
kenotron,  I  see  no  reason  why  it  should  not  be  available  for  far 
higher  frequencies  than  this. 

I  wish  to  describe  some  experiments  we  have  been  making  with 
still  another  type  of  crest  voltmeter,  namely,  the  corona  voltmeter. 
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It  has  been  frequently  brought  to  the  attention  of  the  Institute 
that  the  value  of  the  voltage  at  which  the  corona  comes  out  on 
clean  wires  is  extremely  sharply  marked.  Suitable  corrections, 
which  are  now  perfectly  well  understood  for  temperature  and 
pressure,  may  be  made.  It  is  quite  possible  to  read  and  re-read 
corona  voltages  on  clean  wires  to  a  far  higher  degree  of  accuracy 
than  the  constancy  of  the  usual  circuit,  even  in  a  laboratory, 
where  precautions  to  secure  constancy  are  taken. 

Within  the  last  two  years  I  have  been  trying  to  use  the  prin- 
ciple of  the  breaking  out  of  corona  on  the  peak  of  the  voltage 
wave  as  a  basis  for  direct  observation  of  crest  voltages.  The 
great  difficulty  in  using  the  corona,  a  difficulty  which  is  at  once 
obvious,  is  that  it  is  directly  dependent  upon  the  size  of  the  wire, 
and  that  consequently  for  any  range  of  scale  in  such  an  instru- 
ment the  size  of  the  wire  would  have  to  be  changed.  There  is 
another  difficulty,  namely,  that  some  method  of  detecting  the 
beginning  of  corona,  other  than  by  direct  visual  observation 
must  be  devised. 

I  have  met  the  first  difficulty  very  satisfactorily,  so  far,  by 
enclosing  the  whole  corona  tube,  with  its  central  wire,  in  a  larger 
outside  tube,  varying  the  pressure  in  this  outer  tube  and,  reading 
the  pressure  and  the  temperature  in  order  to  apply  the  correction. 
The  instrument  can  then  be  set  for  any  voltage  by  varying  the 
pressure  in  the  outer  containing  cylinder,  or,  if  it  is  desired  to 
measure  an  unknown  voltage,  it  is  simply  a  matter  of  lowering 
the  pressure  until  corona  appears.  In  other  words  the  range  of 
the  instrument  will  be  taken  care  of  by  running  the  pressure 
either  up  or  down  in  the  outer  containing  tube. 

For  the  observation  of  the  beginning  or  presence  of  corona, 
we  have  developed  three  very  satisfactory  methods.  The  first 
is  that  which  uses  the  gold-leaf  electroscope  in  connection  with 
a  small  electrode  outside  of  the  cylinder  forming  one  side  of  the 
voltage  terminal,  as  described  in  my  papers,  the  Electric  Strength 
of  Air,  This  electrode  is  placed  directly  opposite  a  few  small 
holes  in  this  cylinder  and  the  ionization  that  comes  from  these 
holes  is  quite  sufficient  to  discharge  even  a  crude  and  rugged 
type  of  electroscope. 

The  second  method  is  by  the  use  of  the  galvanometer  in  con- 
nection with  d-c.  voltage.  In  order  to  use  this  method,  the  elec- 
trode is  increased  in  size,  so  as  to  torm  still  a  third  outside 
cylinder  very  close  to  the  main  cylinder  forming  one  side  of  the 
high- voltage  circuit,  the  latter  cylinder  being  perforated  with 
many  holes  over  its  whole  circumference  so  as  to  provide  a  very 
large  aggregate  opening  for  ionization.  With  d-c.  voltage  on 
the  enlarged  electrode  and  a  galvanometei  in  series,  the  beginning 
of  corona  is  marked  by  a  sudden  deflection. 

Still  a  third  method  which  has  been  surprisingly  satisfactory 
is  the  use  of  the  telephone.  We  enclose  a  telephone  transmitter 
inside  of  the  pressiu-e  cylinder.  We  do  not  normally  think  of  a 
frequency  of  60  cycles  as  one  which  would  give  any  appreciable 
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note  with  a  telephone  transmitter.  There  is,  however,  something 
•other  than  the  normal  60-cycle  note  in  the  high  voltage  corona 
and  it  is  these  higher  spark  tones  which  the  telephone  seems  to 
pick  out.  The  beginning  of  corona  is  attended  by  a  sharp  sound 
in  a  receiver  connected  to  the  transmitter  located  as  described. 
•  We  are  now  using  all  three  of  these  methods  of  observation  and 
they  show  a  most  gratifying  agreement. 

We  can  add  a  fourth  method,  if  we  will,  the  visual  corona, 
always  a  very  satisfactory  means  of  observing  the  maximum 
point,  but  not  suitable  for  an  instrtunent  for  use  in  the  open,  as 
in  a  manufacturing  shop,  or  power  station.  The  eyes  must  be 
rested  in  the  dark  at  least  five  or  ten  minutes  before  visual  corona 
can  be  observed  satisfactorily. 

L.  W.  Chubb:.  In  the  paper  by  Sharp  and  Doyle  the  authors 
speak  of  leakage  demanding  a  certain  amount  of  capacitance  in 
parallel  to  the  meter.  The  dielectric  resistance  of  electrostatic 
voltmeters  is  usually  very  much  higher  than  any  condenser, 
unless  it  be  of  the  air  type.  Also,  the  rectifier  resistance  is 
higher  in  the  reverse  direction  than  that  of  the  condenser,  so 
that  if  more  condensance  is  put  in  parallel  we  should  expect 
more  rapid  discharge  in  spite  of  having  more  power  stored. 

Very  likely  the  leakage  between  peaks  is  due  to  corona. 

One  of  the  speakers  stated  that  he  used  less  condensance 
when  working  at  7000  volts.  Is  it  not  likely  that  this  was 
possible  because  the  voltage  was  below  the  corona  point  and 
leakage  was  low. 

Dr.  Sharp  speaks  of  registering  the  magnitude  of  surges  with 
such  an  instrument,  but  I  believe  he  will  only  reach  a  middle 
ground  in  obtaining  a  surge.  The  authors  state  in  the  paper 
that  **if  it  does  not  build  up  on  the  first  cycle  it  will  on  succeed- 
ing cycles.'*  Sometimes  the  surges  which  come  along  are  very 
steep,  high  frequency,  and  very  quickly  damped,  so  that  if  the 
first  impulse  is  not  enough  to  charge  the  electrostatic  voltmeter 
and  condenser,  the  following  impulses  will  not  be  enough  to  raise 
the  charge  to  the  voltage  of  the  first  impulse. 

The  current  through  the  condenser  at  the  instant  of  a  surge 
should  be  of  the  order  of  amperes  instead  of  milliamperes.  The 
kenotron  current  is  limited  by  space  charge  and  by  temperature 
of  the  filament,  so  the  condenser  cannot  be  filled  on  the  first 
impulse.  •  Also  with  any  appreciable  damping  constant,  the 
succeeding  peaks  of  the  surge  will  not  charge  the  condenser 
to  the  voltage  of  the  first  peak. 

The  multiplier  method  with  two  or  more  condensers  in  series 
with  the  electrostatic  voltmeter  in  parallel  with  one  unit  would 
not  divide  the  voltage  by  ratio  diuing  the  surge  transient, 
even  if  there  were  no  current  limitation  of  the  kenotron,  for  if 
the  voltmeter  is  to  store  a  charge  there  must  be  an  equal  charge 
displaced  in  the  opposite  direction  in  the  series  condenser  because 
a  d-c.  component  of  current  cannot  flow  through  the  series  con- 
densers. 
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The  ratio  of  series  condensers  has  also  been  found  to  be  wrong 
unless  the  several  units  are  guarded  by  the  principles  which. 
Mr.  Portescue  presented  before  the  Institute  some  time  ago, 
and  unless  corona  is  prevented  on  any  but  the  outside  terminal 
of  the  end  condenser. 

The  resistance  multiplier  is  also  open  to  the  same  objection  • 
and  errors  will  result  unless  capacity  to  ground  and  between 
sections  is  eliminated  by  electrostatic  shielding. 

With  the  kenotron  used  on  the  high-tension  side  of  the  trans- 
former as  shown  by  the  authors,  it  must  be  capable  of  standing 
twice  the  peak  voltage,  for  on  the  reversed  half  cycle  the  charge 
of  the  condenser  and  the  transformer  voltage  are  in  series  adding. 
It  therefore  seems  that  the  scheme,  measuring  crest  voltage, 
would  not  be  very  simple  on  voltages  above  100  or  200  kv. 

I  was  very  much  interested  in  the  test  results  given  in  Prof. 
Work's  paper,  and  I  may  add  I  have  seen  very  much  worse 
distortions  in  testing  waves  which,  I  think,  will  give  greater 
errors  with  a  volt  coil.  We  have  tested  out  the  voltage  per  turn 
through  the  secondary  winding  under  various  load  conditions. 
In  one  case  I  remember  the  voltage  in  a  secondary  turn  was  re- 
versed in  a  certain  part  of  the  leg  from  what  it  was  in  others. 
This  means  that  if  the  volt  coil  is  to  be  accurate  it  must  be 
perfectly  coupled  with  the  secondary,  or  must  be  placed  in  the 
average  position.  The  average  position  depends  on  the  nature 
of  the  load,  because  there  is  a  shift  of  leakage  reactance  between 
the  two  coils. 

Our  experience  with  the  volt  coil  has  not  been  very  satisfactory 
due  to  improper  placing  and  the  resonance  of  upper  harmonics 
between  the  load  and  the  leakage  reactance  of  the  secondary. 
However,  the  results  shown  by  Prof.  Work  indicate  that  the  volt 
coil  is  quite  reliable,  when  crest  factor  corrections  are  made. 

Clayton  H.  Sharp:  I  evidently  did  not  make  it  clear  that  these 
experiments  were  all  made  on  low  voltage,  that  is  to  say,  the 
instrument  itself,  the  electrostatic  voltmeter,  was  graduated  to 
read  a  maximum  of  250  volts.  So  questions  of  huge  condensers 
etc.  do  not  apply  to  these  experiments.  The  crest  voltmeter  as 
we  worked  it  out  was  used  on  voltmeter  coils,  tertiary  winding  of 
the  transformer,  and  one  side  of  it  was  grounded,  so  that  the 
whole  thing  was  practically  at  earth  potential. 

There  is  no  reason  why  it  cannot  be  used  on  a  condenser 
multiplier,  and  I  do  not  quite  see  why  the  multiplier  needs  to  be 
a  whole  string  of  condensers.  It  can  be  one  high-voltage  condenser, 
and  in  series  with  it  another  one  of  large  capacity  connected  to 
earth.  Thus  one  condenser  takes  the  bulk  of  the  voltage 
drop,  and  the  other  one,  of  larger  capacity,  takes  a  small  portion 
of  the  voltage  drop  and  the  crest  voltmeter  is  looped  about  that. 
Then  the  indications  of  the  crest  voltmeter  will  depend  on  the 
ratio  of  the  two.  While  I  cannot  speak  from  actual  experience, 
I  do  not  see  any  reason  why  it  should  not  work,  and  I  do  not  see 
any  reason  why  Mr.  Chubb*s  condenser  bushing  could  not  be 
used  as  the  high-voltage  condenser. 
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With  regard  to  the  measurement  of  high-frequency  surges, 
etc.,  what  we  have  in  our  paper  is  simply  offered  as  a  suggestion, 
and  is  not  backed  up  with  any  very  positive  statements,  because 
we  have  not  the  data  or  the  experience  on  which  to  rest  them. 
In  our  paper  we  say:  "  In  conclusion,  it  may  be  noted  that  the 
arrangement  given  offers  possibilities  in  the  matter  of  the 
study  of  surges."  It  may  do  it,  or  it  may  not  do  it.  It  looks  to 
me  as  if,  while  it  is  rather  improbable,  that  the  full  value  of  the 
first  peak  of  the  high-frequency  surge  would  be  given,  at  the 
same  time  the  arrangement  might  be  of  a  good  deal  of  value, 
even  if  it  did  not  give  the  whole  thing.  Undoubtedly,  with  a 
surge  there  would  not  be  the  same  building  up  effect  that  there 
is  with  a  steady  alternating-current,  because  the  first  peak  is  the 
one  that  counts,  the  oscillations  being  damped  out  rapidly  after 
that. 

It  will  be  noted,  however,  that  if  one  kenotron  has  not  a  large 
enough  saturation  current  to  catch  the  surges  perhaps  two  or 
three  or  more  in  parallel  may  have. 

When  commercial  instruments  are  available  by  which  the 
crest  values  of  waves  can  be  measured  as  readily  as  the  effective 
values  now  are,  we  shall  avoid  a  lot  of  trouble,  escape  a  lot  of 
mysterious  things  which  occur  in  high-voltage  testing  and  in- 
crease the  accuracy  and  the  worth  of  such  work. 

C.  F.  Harding:  One  very  important  feature  of  high-voltage 
measurement  which  has  not  been  touched  upon  in  the  foregoing 
papers  is  the  establishment  of  a  more  satisfactory  primary  stand- 
ard than  the  combined  needle  and  sphere  spark  gaps.  That 
these  are  not  entirely  satisfactory  is  freely  admitted,  for  they  are 
subject  to  correction  for  barometric  changes  and  in  practise  it 
is  found  very  difficult  to  make  the  two  standards  coincide  within 
the  range  between  30  kv.  and  50  kv.  where  both  are  standard. 
Tests  covering  a  large  voltage  range  such  as  is  required  upon  a 
line  of  pin  type  insulators  or  upon  varying  numbers  of  suspension 
units  in  a  string  are  difficult  to  make  when  a  double  standard 
involving  variable  and  uncontrollable  factors  is  used. 

Whereas  the  meters  described  in  these  papers  are  designed  and 
intended  for  intermediate  or  secondary  standard  use  and  must 
be  referred  to  the  needle  and  sphere  gaps  for  calibration,  it  may 
be  of  interest  to  reconsider  the  principle  of  the  electrostatic 
field  with  a  view  toward  its  use  as  a  high-voltage  standard. 

If,  for  example,  a  uniform  electrostatic  field  can  be  main- 
tained at  the  center  of  two  horizontal  circular  metal  plates  of  a 
relatively  great  diameter  as  compared  with  their  distance  apart, 
and  if  a  small  circular  disc  be  cut  from  the  center  of  the  lower 
plate  and  supported  upon  a  float  just  below  the  plane  of  the 
lower  plate  in  a  tank  of  liquid,  the  force  required  to  raise  this 
disc  to  the  level  of  the  lower  plate  can  be  readily  calculated  in 
terms  of  the  voltage  impressed  between  the  plates.  With  the 
plates  near  together  this  voltage  may  be  small  and  therefore 
accurately  determined  by  other  means  than  the  spark  gap.     If 
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manipulation  that  this  device  fails  in  most  cases  rather  than  in  a 
failure  to  give  on  break-down  an  accurate  indication  of  the 
maximum  stress,  as  intimated  by  the  author. 

The  only  device  that  seems  at  present  to  show  distinct  promise 
in  this  line  is  the  cathode-ray  cyclograph  which,  when  properly 
handled  will  meet  to  a  remarkable  degree  the  requirements  men- 
tioned. The  indications  of  this  instrument  are  of  maximum 
values  and  the  calibration  is  easy.  The  duration  of  a  surge 
measurable  by  it  is  dependent  on  the  ability  of  the  eye  to  catch 
the  lengthening  of  the  voltage  line  and  it  is  hoped  to  develop  a 
means  whereby  the  eye  may  be  replaced  by  an  electric  or  chemi- 
cal device  and  thus  greatly  shorten  this  interval. 

As  an  indication  of  the  extent  to  which  this  superposition  of 
normal  and  high-frequency  voltages  may  affect  the  results  in- 
dicated by  an  instrument  of  the  type  described  by  the  author 
we  have  found  it  possible,  in  the  high-tension  laboratory  to 
subject  an  insulator  to  a  stress  just  under  flashover  at  60  cycles 
and  hold  this  stress  on  it  indefinitely  without  puncturing  the 
insulator.  However,  when  besides  this  voltage  at  normal  fre- 
quency we  subject  the  insulator  to  a  high-frequency  stress  con- 
sisting of  several  trains  of  damped  high-frequency  waves  result- 
ing from  an  arcing  ground  on  the  artificial  line  to  which  the 
insulator  is  connected  it  will  be  punctured  with  a  very  few  appli- 
cations, if  the  high-frequency  stress  is  great  enough.  The  instru- 
ment described  in  Mr.  Chubb's  paper  will  not  give  a  reading  that 
is  a  known  function  of  the  actual  stress  that  punctured  the  in- 
sulator, but  would  indicate  a  lower  maximum  voltage  than  that 
under  which  the  insulator  actually  failed. 

Also  the  error  mentioned  in  the  discussion  of  Fig.  5  in  the 
paper  is  a  double  one  as  the  meter  will  not  only  integrate  all  the 
positive  current  areas  and  neglect  the  negative  ones  but  will  in 
the  next. half  cycle,  which  should  be  entirely  eliminated,  integrate 
these  negative  areas.  Thus  the  meter  will  read  high  by  twice 
these  negative  areas.  It  vnW  also  be  in  serious  error  when 
applied  to  a  wave  consisting  of  a  normal  frequency  wave  with 
the  superposition  of  high-frequency  trains  or  surges. 

Referring  now  to  the  paper  by  Messrs.  Sharp  and  Doyle  it 
is  very  probable  that  the  charge  will  require  several  succeeding 
half  waves.  Also  the  fact  that  the  instrument  will  not  recede 
from  it's  maximum  reading  for  an  appreciable  time  after  the 
application  of  the  maximum,  this  time  depending  on  the  leakage 
of  the  equipment,  may  introduce  serious  errors  in  determinations 
made  with  this  instrument.  Suppose  a  test  is  required  of  60,000 
volts  for  one  minute  and  that  on  bringing  the  voltage  up  the 
first  few  cycles,  enough  to  complete  the  charge,  this  voltage  was 
60,000  but  that  it  then  dropped  to  50,000  volts.  The  instru- 
ment, until  leakage  had  permitted  it  to  drop  back  to  the  lower 
voltage,  would  indicate  that  the  required  voltage  was  applied 
to  the  insulator  while  in  reality  it  was  subjected  to  60,000  volts 
for  a  few  cycles  only  and  for  the  rest  of  the  minute  to  only  50,000 
volts.     This  might  result  in  the  acceptance  of  defective  material. 


142  HIGH  VOLTAGE  MEASUREMENT  [Feb.  8 

This  effect  will  be  more  serious  the  quicker  the  charge  is  built 
up  and  the  less  the  leakage. 

Also  the  use  of  the  instrument  as  a  surge  trap  is  open  to  ques- 
tion until  it  is  shown  that  the  charge  is  built  up  in  the  time  of  the 
surge  duration. 

While  these  two  papers  are  very  valuable  additions  to  the 
field  of  high- voltage  testing  and  investigation,  it  would  hardly 
seem  that  there  was  sufficient  proof  of  the  value  and  reliability 
of  either  method  to  accord  them  a  place  in  the  Standardization 
Rules  at  present,  because  of  their  inherent  limits  and  also  because 
it  is  quite  probable  that  the  cathode  ray  tube  will  be  developed 
into  a  practical  form  for  measuring  these  maximum  values  of 
voltage,  both  of  normal  frequency  and  transient  wave  trains,  and 
of  the  two  combined.  As  at  present  available  it  is  much  more 
satisfactory  as  a  maximum-voltage  measuring  device  than 
either  of  the  instruments  described  and  its  failure  on  transients 
is  due  only  to  the  inability  of  the  eye  to  catch  the  record  of  the 
transient.  If  any  change  is  made  in  the  Standardization  Rules 
the  cathode  ray  tube  should  be  carefully  considered  and  given 
its  rightful  place  as  a  means  of  measuring  maximum-voltage 
values. 

L.  W.  Chubb:  Mr.  Peek  spoke  of  the  errors  due  to  corona. 
With  the  single  condenser  in  series  with  the  crest  voltmeter 
there  would  be  no  error  from  corona,  because  you  are  meastiring 
the  voltage  which  is  impressed  upon  the  condenser.  It  does  not 
matter  how  much  corona  there  is,  the  line  will  supply  all.  If 
there  are  several  condensers  in  series,  the  corona  on  and  charging 
current  of  intermediate  steps  will  cause  an  error  except  with  the 
condenser  terminal  or  with  other  similiarly  guarded  scheme. 
Each  layer  of  the  terminal  is  in  its  proper  equal-potential  surface, 
and  there  can  be  no  corona,  except  possibly  around  the  hat. 
These  terminals  will  run  to  very  high  voltage  without  any  corona 
at  all,  on  the  intermediate  steps. 

Mr.  Peek  spoke  of  the  cost  of  such  crest  voltmeters  going  up  as 
the  voltage  increases.  I  might  add,  with  reference  to  the  crest 
voltmeter  described  in  my  paper,  that  the  cost  goes  down  as  the 
voltage  increases.  The  condenser  terminal  is  either  a  feature 
of  the  transformer,  or  it  may  be  a  roof  bushing.  As  the  voltage 
goes  up,  there  is  more  current  through  the  same  condenser,  and 
it  takes  less  sensitive  and  cheaper  instruments  to  measure  it. 

Mr.  Farmer  asked  about  the  variation  of  capacitance  of  the 
condenser  terminal.  That  is  covered  in  the  paper.  It  increased 
from  4  to  5  per  cent  from  very  low  voltage  up  to  25  per  cent  over 
voltage,  but  this  causes  no  error,  as  the  crest  voltmeter  is  cali- 
brated in  parallel  with  the  spark  gap  and  the  variation  is,  taken 
care  of  in  the  calibration. 

M.  G.  Newman:  In  the  third  paragraph  of  Mr.  Hendrick's 
paper  the  statement  is  rnade:  **  For  precise  results  at  all  loads 
and  power  factors,  it  is  necessary  and  sufficient  that  the  ratio 
of  the  flux  linkages  of  the  voltmeter  coil  and  the  high-voltage 
winding  be  a  constant."    This  is  done  by  the  proper  design  and 
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placement  of  the  voltmeter  coil.  I  would  like  to  explain  the 
method  of  determining  the  accuracy  with  which  the  above  condi- 
tion is  realized. 

Referring  to  Fig.  6,  transformer  (^4)  is  the  transformer  with 
voltmeter  coil  under  test.  Transformer  (B)  may  be  a  potential 
transformer  or  any  transformer  which  can  be  used  to  step-down 
to  a  secondary  voltage  which  can  be  easily  measured. 

Voltmeter  (1)  is  connected  to  the  voltmeter  coil  of  the  trans- 
former (A)  and  voltmeter  (2)  is  connected  to  the  secondary  of 
transformer  (B).  Excitation  is  applied  to  the  low  voltage  wind- 
ing of  the  transformer  (^4).  First  a  reading  is  taken  at  no  load, 
voltmeter  (1)  and  voltmeter  (2)  being  read.  Various  loads  are 
applied  at  (C)  (either  capacitance  or  inductance),  the  voltage  and 
frequency  being  maintained  constant  and  readings  being  taken 
on  both  voltmeters.  The  accuracy  of  the  voltmeter  coil  is  good 
if  the  ratio  of  the  voltmeter  (1)  reading  to  voltmeter  (2)  reading 
remains  constant  from  no  load  to  full  load. 

We  do-  not  have  to  depend  upon  the  accuracy  of  ratio  of  trails- 
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Fig.  6 — Method  of  Testing  the  Accuracy  of  Voltmeter  Coil 

former  (5) .  The  assumption  is  that  the  ratio  of  this  transformer 
will  remain  constant  while  tests  are  being  made. 

Errors  due  to  flux  leakage  between  the  voltmeter  coil  and  the 
high-voltage  coil  are  shown  to  be  very  small. 

A  full  capacitance  load  makes  a  small  error  in  one  direction 
and  an  inductance  load  an  error  in  the  other  direction  but  with 
correct  design  these  errors  can  be  kept  well  below  one  per  cent. 

A.  B.  Hendricks,  Jr.:  I  heartily  agree  with  Mr.  Peek  in  his 
final  conclusion  that  **  the  voltmeter  coil  with  crest  voltmeter 
and  supplemented  by  a  sphere  gap  to  detect  oscillations  offers  the 
best  arrangement  for  general  commercial  testing.'* 

A  crest  voltmeter  designed  on  the  principle  recommended 
by  Sharp  and  Doyle,  and  connected  to  a  voltmeter  coil,  has  been 
constructed  by  Mr.  Newman,  and  found  to  be  in  every  way  most 
satisfactory. 

As  it  is  built  for  low  voltages  and  connected  direct  to  the  volt- 
meter coil,  all  parts  are  small,  simple  and  inexpensive.  In 
practise,  the  indications  have  been  found  to  be  correct  and 
reliable. 

Of  course,  this  gives  the  crest  value  of  periodic  waves  only, 
and  does  not  indicate  single  transients  of  short  duration. 
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As  stated  by  Mr.  Peek,  the  voltmeter  coil  reproduces  the 
wave  form  in  the  high  tension  winding  with  such  fidelity  that 
there  is  no  necessity  for  connecting  static  voltmeters  or  rectifiers 
directly  in  the  high  tension  circuit,  which  is  fortunate,  since 
instruments  designed  for  the  extreme  voltages  contemplated 
have  usually  been  unsatisfactory. 

The  method  of  using  rectifiers,  a  condenser  and  a  direct  cur- 
rent voltmeter  as  described  by  Mr.  Chubb  is  more  complicated 
and  less  accurate  on  distorted  waves  of  certain  classes  than  the 
scheme  described  by  Sharp  and 
Doyle.  It  is  not  correct  on 
multiple  peaked  waves,  and  the 
accuracy  of  the  indications  is 
absolutely  dependent  on  the 
frequency.  Neither  of  these  ob- 
jections applies  to  the  scheme 
described  by  Sharp  and  Doyle, 
wfiich  is  in  other  respects  much 
simpler  also. 

Of  course,  every  precaution 
should  be  taken  in  designing  a 
transformer  with  a  voltmeter 
coil  to  insure  that  the  indications 
of  the  latter  will  be  correct. 
Apparently,  in  the  transformer 
referred  to  by  Mr.  Chubb,  these 
precautions  were  not  observed, 
with  results  as  related  by  him. 

As  it  seems  to  be  difficult  to 
convince  the  average  engineer 
that  the  voltmeter  coil  is  prac- 
tically exact  at  all  loads  and 
power  factors,  I  give  herewith 
the  results  of  tests  recently 
made  on  a  300-kw.,  300,000-volt 
transformer  having  one  end  of 
the  high-tension  winding  per- 
manently grounded.  See  Fig.  7. 

The  transformer  was  connected  to  a  sine  wave  generator  and 
the  load  consisted  of  a  lead  covered  cable,  especially  made  for 
use  as  a  condenser. 

The  potential  transformer  consisted  of  another  testing  trans- 
former rated  25  kw.,  125,000  volts  with  one  end  of  the  high  ten- 
sion winding  also  permanently  grounded. 

With  a  pure  condenser  load  it  was  found  that  the  error  of  the 
voltmeter  coil  was  too  small  to  be  detected  by  the  best  grade  of 
portable  dynamometer  voltmeters,  especially  calibrated  and  inter- 
changed, and  read  to  1/5  of  1  per  cent. 

This  may  be  considered  a  zero  error,  since  it  is  indeterminate 
by  the  most  accurate  form  of  commercial  instrument,  and  even 
the  sign  of  the  error  is  unknown.     At  the  same  time  the  error, 
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reading  from  the  low- tension  winding  through  a  potential  trans- 
former was  7.6  per  cent  or  close  to  the  measured  reactance  volt- 
age of  the  transformer,  as  was  expected. 

Normal  rating  of  testing  transformer: 
60  cycles,  300  kw/,  300,000  to  4600  volts. 
Voltmeter  coil  reads  300  at  300,000  volts. 

I^ormal  rating  of  main  potential  transformer: 
60  cycles,  25  kw.,  125,000  to  1000  volts. 
Voltmeter  coil  reads  125  at  125,000  volts. 

Ordinary  potential  transformers  of  10  to  1  and  5  to  1  ratio 
were  used  on  the  low  voltage  side  of  the  300,000-volt  and«125,000- 
volt  transformers. 

Test  was  made  at  60,000  volts  and  0.88  amps,  in  the  high-ten- 
sion circuit,  the  normal  rating  being  300,000  volts,  1  ampere. 

The  absolute  variation  of  high-tension  voltage  from  the  winding 
ratio  depends  entirely  on  the  magnitude  and  phase  of  the  current 
and  the  per  cent  variation  at  60,000  volts  is  of  course  five  times 
normal. 

The  exciting  current  of  the  125 ,000- volt  transformer  at  60,000 
volts  is  so  small  that  its  effect  on  the  power  factor  of  the  load 
can  be  neglected. 

Vi  =  actual  reading  on  voltmeter  coil  of  300,000-volt  trans- 
former. 

V%  =  actual  reading  on  voltmeter  coil  of  125 ,000- volt  trans- 
former. 

Vz  =  actual  reading  on  low  voltage  side  of  300,000-volt  trans- 
former through  10  to  1  potential  transformer. 

F4  =  actual  reading  on  low  voltage  side  of  125,000-volt  trans- 
former through  5  to  1  potential  transformer. 
Amperes  =  actual  reading  on  ammeter  in  300,000-volt  circuit 
=  condenser  -f  step  down  transformer  currents. 


The  normal  rated  voltage  of  each  winding  is  given  on  the 
diagram  of  connections. 

The  readings  given  are  from  the  actual  indications  of  each 
instrument  after  correction  in  accordance  with  the  special  calibra- 
tion of  each. 

After  taking  one  set  of  readings,  the  voltmeters  were  inter- 
changed as  indicated,  and  a  second  set  taken. 

Normal  voltage 300           125  4600             1000 

Fi            F2  V,                 V, 

Reading  at  0.882  amps. ...   60          59 . 9  57 .  16            96 . 3 

Vi  &  F2  inter-  V^  &  7*  inter- 
changed changed. 
Reading  at  0.879  amp..  .    60            60-  57.16           96.3 

These  readings  were  repeated  and  checked  many  times,  with 
no  appreciable  difference  in  results.  All  taps  on  the  voltmeter 
coil  gave  similar  results. 

One  volt  corresponds  to  two  divisions  on  scale,  one-tenth 
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division  being  the  extreme  limit  of  observation,  and  probably 
beyond  the  accuracy  of  the  instrument,  or  observer. 

The    voltages   from    transformation   ratios   of   low    voltage 
windings  and  potential  transformer  are  as  follows: 
Vi  =  37,300  volts 
F4  =  60,200     « 
The  high  voltage  as  determined  by  all  the  readings  is  there- 
fore: 

Vi 60,000 

V2 59,900—60,000 

Vz 37,300 

Va 60,200 

Voltage  was  fairly  steady,  but  as  each  observer  had  to  read 
two  instruments,  the  observations  are  hardly  reliable  to  0.1 
volt.     Other  readings  of  Va  gave  60,075  volts. 

The  greatest  care  was  taken  in  reading  Vi  and  V2  on  the  volt- 
meter coils,  the  low-tension  voltage  being  of  less  interest.  The 
small  potential  transformers  may  also  have  slight  errors.  The 
voltmeter  coil  in  the  125 ,000- volt  transformer  should  be  per- 
fectly correct,  since  operation  is  at  half  voltage  and  no  load. 
It  is  thus  seen  that  the  error  in  the  voltmeter  coil  of  the  300,000- 
volt  transformer  is  zero  or  so  small  as  to  be  indeterminate  by  any 
ordinary  methods,  and  therefore  negligible. 

On  the  other  hand,  the  rise  in  voltage  due  to  the  capacity  load 
is  from  37,300  volts  (measured  on  low  voltage  terminals)  to  60,000 
volts  or  60.9  per  cent  (22,700  volts  absolute). 

These  results  show  that  the  voltmeter  coil  is  certainly  ac- 
curate within  1/10  per  cent,  and  probably  much  less  on  full 
load,  normal  voltage  and  zero  power  factor  leading.  It  would 
undoubtedly  be  equally  good  on  lagging  load,  but  this  is  never 
encountered  in  practise. 

Similar  tests  were  made  at  no  load.  The  following  results 
represent  the  largest  apparent  error: 

Fi        V,        Vz        V, 

Reading  at  0  amperes 59.9     59.8     91.6     95.8 

High  voltage  from  above 

Fi  =  59,900 

V2  =  5^,800 

Fa  =  59,800 

Va  =  59,870 

From  all  the  readings  taken  the  average  error  seems  to  be 

about  +  50  volts  at  300,000  volts  at  both  normal  and  zero  load. 

This  could  be  produced  by  an  excess  of  two  turns  in  the  high 

voltage  winding  of  12,000  turns,  or  represented  by  one-tenth  of 

a  division  on  the  voltmeter  scale. 

As  a  conclusion  from  all  the  results  it  is  claimed  that  the  error 
is  less  than  ordinary  minimum  errors  of  observation  and  instru- 
ments, and  less  than  those  inherent  in  any  other  known  method 
of  measuring  high  voltage. 


Presented  at  the  fourth  Midwinter  Contention 
of  the  American  Institute  of  Electrical  Entineers, 
New  York,  February  0,  10l6. 

Copyright  1016.     By  A.  I.  B.  B. 


OPERATION  ON  THE  NORFOLK  &  WESTERN  RAILWAY 


BY  P.  E.  WYNNE 

Abstract  of  Paper 
This  paper  describes  the  great  advantages,  from  an  operating 
standpoint,  incident  to  the  inauguration  of  electric  service  on  the 
Elkhorn  grade  of  the  Norfolk  &  Western  Railway  Co.  and  why 
it  is  possible  almost  to  double  the  capacity  of  the  road  by  the  use 
of  12  electric  locomotives,  instead  of  the  33  Mallet  locomotives 
formerly  in  service. 

THE  ELECTRIFIED  portion  of  the  Norfolk  &  Western 
Railway  lies  chiefly  in  southern  West  Virginia  between 
Bluefield  and  Vivian,  as  shown  in  the  map,  Fig.  l.The  distance 
by  rail  is  30  miles  (48.2  km.)  but,  "as  the  crow  flies,"  Vivianis 
only  18  miles  (28.91  km.)  from  Bluefield.  The  approximate 
profile  in  condensed  form  is  shown  in  Fig.  2.  Curves  from  8  deg. 
to  12  deg.  are  of  common  occurrence  and  the  average  curvature 
is  over  3  deg.  The  maximum  grades  eastbound  are  2  per  cent 
against  2.36  per  cent  with  the  load.  For  westbound  trains  the 
maximimi  grades  are  1.1  per  cent  against  and  2  per  cent  with  the 
load.  These  figures  indicate  the  severity  of  the  service  so  far  as 
alignment  and  grades  are  concerned.  With  the  exception  of 
Elkhorn  Tunnel,  the  entire  line  is  double-tracked,  with  con- 
siderable third  track,  numerous  spurs  and  cross-overs  and  several 
yards.  At  the  summit  of  the  long  grade  up  the  west  slope  is 
a  3000-ft.  (914-m.)  single-track  tunnel,  part  of  which  is  on  a 
3-deg.  curve.  On  the  east  slope,  just  west  of  Bluestone  Junction, 
is  a  700-ft.  (213-m.)  tunnel  over  the  westbound  track  only. 

The  principal  tonnage  is  coal,  a  portion  of  which  comes  from 
points  west  of  Vivian.  Between  Vivian  and  Coaldale,  the 
adjacent  hills  are  honeycombed  with  coal  mines  which  furnish 
tonnage  both  east  and  west.  In  addition,  coal  from  branch 
lines  is  brought  to  the  electric  zone  at  Eckman,  North  Fork, 
Lick  Branch,  Cooper,  Bluestone  Junction  and  Graham.  Of 
cotirse,  time  freight  and  passenger  trains  also  pass  over  the  elec- 
tric zone.     The  gathering  of  tonnage  trains  of  eastbound  coal 
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throughout  the  field  is  naturally  accompanied  by  the  delivery 
of  empty  cars  from  westbound  trains  to  the  numerous  mines. 
Between  Vivian  and  Coaldale,  the  line  is  operated  as  an  elon- 
gated yard  without  intermediate  telegraph  stations.  Com- 
munication with  the  load  dispatcher  may  be  had  by  telephone 
at  each  westbound  signal  bridge. 
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Fig.  1 

The  foregoing  conditions  ai)ply  with  both  steam  and  electric 
ojjeration.  In  order  fully  to  appreciate  what  electrification  is 
accomplishing  on  the  Norfolk  &  Western  Railway,  it  is  necessary 
to  consider  other  general  conditions  which  differ  under  steam  and 
electric  operation. 

Until  1911,  comparatively  Httle  coal  was  hauled  west  over  the 
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hill.  Eastbound  coal  constituted  a  decided  majority  of  the  total 
trafiic.  This  was  handled  up  Elkhorn  Hill  in  2360-ton  trains 
with  a  Mallet  locomotive,  having  eight  driving  axles,  at  the  head 
end,  a  consolidation  helper  engine  at  the  rear,  and  a  consolida- 
tion pusher.  Ordinarily  the  pusher  locomotive  did  not  work  in 
the  tunnel  but  remained  with  the  train  for  emergency  use.  At 
Ruth,  the  east  end  of  the  long  tunnel,  the  pusher  cut  off  and 
returned  west  light  or  assisting  in  delivering  empties  on  the  west 
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slope.  Prom  Ruth  to  Bluefield,  the  train  was  handled  by  the 
Mallet  and  helper.  On  this  part  of  the  run,  the  helper  was 
necessary  only  for  assisting  the  train  up  Graham  Hill.  This 
assistance  might  have  been  given  by  a  pusher  operating  between 
Graham  and  Bluefield  only,  but  for  the  fact  that  the  helper 
was  required  for  delivering  westbound  empties  and  it  was 
impracticable  to  hold  locomotives  for  this  purpose  at  Ruth  or 
Coaldale  between  the  time  of  helping  an  eastbound  train  up 
Elkhom  Hill  and  the  time  a  westbound  train  of  empties  arrived. 

Westbound,  the  Mallet  and  helper  ran  light  or  with  a  train  of 
empties  (sometimes  amounting  to  125  cars)  and  occasionally 
picked  up  at  Flat  Top  a  small  number  of  westbound  loads. 
Practically  all  of  the  switching,  picking  up  loads  and  setting  off 
empties  was  done  by  the  consolidation  engines.  As  much  of  the 
tonnage  originated  along  Elkhom  Hill,  some  trains  started  with 
less  than  the  rated  tonnage  and  filled  out  at  one  or  more  points. 
When  this  was  necessary  and  also  when  delivering  empties,  the 
train  was  held  by  the  Mallet  at  its  head.  On  rare  occasions,  the 
Mallet  helped  in  filling  out  the  train. 

A  number  of  difficulties  were  experienced  with  steam  opera- 
tion. In  starting  on  the  hills,  the  rear  engines,  with  steam  in  the 
cylinders,  held  the  train  until  the  head  engine  got  its  portion 
of  the  train  under  way.  This  period  of  standing  under  load  ran 
from  30  or  40  seconds  up  to  two  or  three  minutes  and  often  was  re- 
peated a  number  of  times  before  the  train  got  started.  As  the 
locomotives  were  rated  practically  at  their  maximum  tonnage 
with  good  rail,  slipping  was  a  frequent  occurrence  when  any 
condition  reduced  the  adhesion.  The  slipping  of  either  consolida- 
tion or  one  truck  of  the  Mallet  caused  a  loss  of  one-foiu-th  of  the 
motive  power  on  the  train. 

On  the  west  slope,  eastbound  locomotives  took  coal  and  water 
at  two  points,  one  of  which  was  at  times  the  starting  point.  An- 
other stop  for  water  was  made  at  Cooper  or  Flat  Top.  The 
delays  due  to  this  were  in  themselves  considerable,  since  at  each 
coal  or  water  station  either  two  or  three  engines  had  to  be  cut 
off  from  the  train  and  handled  separately,  the  train  being  pulled 
up  in  the  interval  between  supplying  the  head  and  rear  engines. 
The  attendant  delays  due  to  congestion  were  even  more  serious. 
At  times,  three  or  foiu-  trains  followed  each  other  closely,  result- 
ing in  a  delay  at  coal  and  water  stations  of  about  two  hours  for  the 
last  train  of  the  fleet.  Frequently  further  delays  were  encoim- 
tered,  because  by  the  time  the  third  or  fourth  train  was  coaled 
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and  watered,  it  was  ilecessary  to  clear  the  main  line  for  one  or 
more  superior  trains. 

The  low  speed  on  grades  with  steam  locomotives  was  another 
feature  making  operation  difficult.  On  the  heavy  part  of  the 
grade  from  Ennis  to  Ruth  the  speed  seldom  exceeded  six  miles 
(9.6  km.)  per  hoiu*  and  was  often  as  low  as  four  miles  (6.4  km.) 
per  hour.  The  fastest  time  freight  was  scheduled  at  only  9.5 
miles  (15.2  km.)  per  hour  from  Vivian  to  Coaldale  and  13.3 
(21.4  km.)  miles  per  hour  from  Coaldale  to  Graham,  while  the 
fastest  passenger  train  had  a  schedule  of  19.5  ndles  (31.3  km.) 
per  hour  from  North  Fork  to  Coaldale. 

The  Elkhom  Tunnel  was,  to  say  the  least,  an  unpleasant  fea- 
tiu-e  of  steam  operation,  the  grade  being  such  as  to  require  both 
the  Mallet  and  helper  to  work  throufi:h  it  going  east.  Although 
it  was  ventilated  by  fans  blowing  in  the  west  end  and  the  train 
speed  was  low,  considerable  smoke  and  gas  were  still  in  the  ttmnel 
when  the  helper  and  pusher  went  through.  A  little  imagination 
can  pictiu-e  the  conditions  when  a  train  stopped  in  the  tunnel  and 
all  three  engines  had  to  work  to  start  it. 

Under  the  foregoing  conditions,  the  maximum  number  of 
freight  cars  handled  up  Elkhom  Hill  in  one  month  was  approxi- 
mately 17,000.  The  average  time  of  a  round  trip  between  Blue- 
field  and  the  coal  fields  was  12  hours,  and  this  constituted  a  day's 
work  for  the  train  crew. 

Between  1911  and  the  time  of  electrification,  additional  Mallets 
with  arches,  superheaters  and  stokers  were  applied  in  this 
service -and  larger  three-engine  trains  with  Mallets  in  each  posi- 
tion were  operated.  This  afforded  some  relief,  but  33  Mallets 
were  required  to  handle  the  traffic  in  this  way. 

In  1911,  no  consideration  was  given  to  the  electric  operation 
of  time  freight  and  passenger  trains.  Now,  in  addition  to  hand- 
ling coal  trains  and  empties,  the  electric  locomotives  are  pushing 
all  eastbound  time  freights  to  Ruth  and  two  of  the  heaviest 
eastbound  passenger  trains  to  Bluestone  Junction. 

One  electric  locomotive  at  the  head  and  one  electric  pusher 
take  trains  of  3250  tons  east  to  Ruth  where  the  pusher  cuts  oflE 
and  returns  west  light  or  assists  in  delivering  empties.  From 
Ruth  to  Flat  Top,  the  head  engine  alone  suffices.  At  Flat  Top, 
the  train  is  filled  out  to  4700  tons  and  an  electric  pusher  is  at- 
tached to  assist  the  train  to  Bluefield.  A  regular  day's  work  for 
a  head  crew  is  to  take  a  train  of  empties  from  Bluefield  to  the 
west  slope,  return  with  loads  to  Plat  Top,  then  run  west  light, 
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with  empties  or  with  west  loads  to  the  coal  fields  and  return  with 
loads  to  Bluefield.  An  Elkhom  pusher  crew  frequently  handles 
five  or  six  eastbound  trains  as  a  day's  work,  while  a  Flat  Top 
pusher  at  times  exceeds  this  on  account  of  the  shorter  distance. 
With  the  electric  locomotives,  gathering  loads  and  delivering 
empties  may  be  accomplished  equally  well  by  either  the  head  or 
rear  locomotive. 

On  account  of  the  length  of  train  and  curvature  of  the  track, 
it  is  at  times  impossible  to  hear  whistle  signals.  In  starting  a 
train  with  two  engines,  other  means  of  signaling  are  used.  The 
head  locomotive  releases  brakes  and  lets  the  slack  run  back. 
As  soon  as  the  engineman  on  the  pusher  feels  the  blow  resulting 
from  this,  he  applies  power  and  holds  the  train  until  the  head  en- 
ginenian  has  applied  power  and  gotten  the  front  portion  of  the 
train  sufficiently  under  way  to  permit  motion  of  the  rear  loco- 
motive and  its  share  of  the  load.  The  period  of  standstill  with 
power  on  for  the  pusher  engine  with  this  method  of  operation 
rarely  exceeds  30  seconds  and  generally  a  satisfactory  start  is 
secured  on  the  first  attempt.  This  speaks  well  for  the  smooth- 
ness of  the  electric  control,  as  the  electric  locomotives  have 
less  weight  on  drivers  per  ton  of  trailing  load  handled  than  was 
the  case  with  steam  locomotives.  When  slipping  does  occur  on 
one  truck,  the  loss  of  motive  power  is  only  one  eighth  of  the  total 
or  one  half  of  the  proportion  which  occurred  with  steam. 

The  delays  for  taking  coal  and  water  have  been  eliminated 
from  the  trains  which  are  operated  entirely  with  electric  engines, 
and  have  been  reduced  on  those  trains  which  are  only  pushed 
electrically.  Consequently,  there  is  also  a  great  reduction  in  the 
time  lost  in  secondary  delays  which  were  formerly  produced  by 
coaling  and  watering. 

By  means  of  pole  changing,  the  electric  locomotives  are  ar- 
ranged for  two  speeds.  The  14-mile  (22.5  km.)  per  hour  speed 
is  used  regularly  for  the  heavy  freight  work,  while  the  higher 
speed  of  28  miles  (45  km.)  per  hour  is  used  for  passenger  trains, 
light  engine  movements  and  a  certain  amount  of  time  freight 
operation.  As  a  result,  the  speed  of  the  coal  trains  has  been  more 
than  doubled  on  the  heavy  grades  and  the  average  running  speed 
for  eastbound  loads  over  the  entire  trip  from  the  coal  fields  to 
Bluefield  has  been  increased  over  50  per  cent.  In  passenger 
service,  it  is  a  common  occurrence  to  pick  up  a  train  20  minutes 
late  at  North  Fork  and  put  it  into  Bluestone  Junction  on  time. 

The  dangers  of  steam  operation  in  Elkhom  Tunnel  have 
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practically  been  eliminated.  The  majority  of  the  trains  passing 
through  this  tunnel  have  only  electric  locomotives  attached. 
Nearly  all  of  those  which  do  have  steam  engines  on  them  are 
pushed  through  by  the  electrics  at  not  less  than  14  miles  (22.5 
km.)  per  hour  with  the  steam  locomotives  doing  very  little  work. 
How  satisfactorily  this  is  accomplished  is  indicated  by  the  fact 
that  in  assisting  time  freights  with  a  steam  locomotive  on  each 
end,  the  head  engine  working  and  the  rear  engine  idle,  the  elec- 
tric pusher  works  through  the  tunnel  with  its  windows  open  and 
without  noticeable  smoke  or  gas  in  the  electric  cab. 

Certain  featiu^es  of  the  locomotives  are  notable  in  their  effect 
on  the  handling  of  trains.  The  control  is  extremely  flexible. 
Power  may  be  applied  to  the  motors  of  one  truck  on  each  half  of 
the  locomotive  in  starting.  This  is  particularly  advantageous 
with  a  light  engine  or  a  train  of  empty  cars.  In  changing  the 
speed,  one  half  of  the  motors  are  changed  at  a  time  so  that  the 
entire  tractive  effort  of  one  locomotive  is  never  lost. 

The  arrangement  for  operating  the  rheostats  is  such  that 
practically  an  infinite  number  of  steps  is  provided  for  accelera- 
tion. The  effect  of  unequal  wheel  diameters  in  unbalancing 
the  loads  on  different  motors  may  be  readily  counteracted.  In 
case  of  wheels  slipping,  the  load  on  the  slipping  drivers  may  be 
reduced  until  they  again  grip  the  rails,  without  reduction  in  the 
tractive  effort  developed  at  the  drivers  which  are  not  slipping. 
In  case  of  trouble,  either  a  single  truck  or  a  half  engine  may  be 
cut  out  without  affecting  the  operation  of  the  remainder  of  the 
locomotive. 

The  inherent  regenerating  feature  is  of  great  value  in  con- 
trolling the  trains  on  down  grades,  and  the  fact  that  the  speed 
down  grade  is  constant  and  inflexible  prevents  the  possibility 
of  surges  in  the  train  which  would  result  in  broken  draw-heads. 

Considerable  assistance  in  effecting  a  smooth  stop  is  secured 
with  trains  having  two  locomotives  approximately  one-half 
mile  apart  by  passing  the  load  from  locomotive  to  locomotive 
while  backing  off  the  control.  To  be  a  little  more  specific,  when 
the  head  engineman  desires  to  make  a  stop,  he  introduces  a 
portion  of  the  rheostat  into  the  circuit  of  his  motors.  This 
slightly  reduces  the  speed  of  the  head  engine  and  throws  addi- 
tional load  on  the  rear  locomotive.  The  latter,  noticing  the  in- 
crease of  load,  realizes  that  a  stop  is  about  to  be  made  and  he  too 
starts  inserting  resistance  into  his  motor  circuits,  always,  however, 
keeping  his  tractive  effort  up  near  the  maximum.     The  front 


19161  W  YNNE:  RA IL  WA  Y  OPERA  TION  153 

engineman,  on  the  other  hand,  inserts  his  resistance  more  rapidly, 
reducing  the  speed  of  his  engine  at  a  slightly  greater  rate  than 
the  rear  engineman  and  allowing  the  latter  to  "  biinch  "  all  the 
slack  in  the  train.  As  soon  as  the  slack  has  all  been  bunched, 
the  head  engineman  shuts  off  and  if  necessary  makes  a  slight 
reduction  with  his  automatic  brake  to  bring  the  train  to  a  stop. 
The  rear  engineman  in  his  turn  introduces  more  and  more 
resistance  into  his  motor  circuits  to  keep  from  overloading  his 
motors,  until  flush  level  has  been  reached.  When  he  gets  to 
this  point,  he  holds  his  resistance  constant  tmtil  the  train  has 
been  brought  to  a  dead  stop.  He  then  makes  a  30-lb.  or  40-lb. 
application  with  his  independent  brake  and  having  done  this, 
throws  his  master  controller  to  the  off  position. 

Since  electrifiqation,  not  only  has  the  eastbound  traffic  been 
very  heavy  but  the  westbound  traffic  from  Flat  Top  is  compara- 
tively great  when  referred  to  that  of  1911.  Complete  operating 
data  are  not  available  for  publication  at  this  time.  However, 
a  few  general  figures  derived  from  the  performance  since  the 
first  of  Jime,  1915,  will  serve  to  indicate  what  electrification  is 
accomplishing.  Compared  with  the  Mallet  locomotive  perform- 
ance of  1911,  the  despatcher's  reports  show  that  the  electric 
locomotives  are  making  eight  times  as  many  miles  per  train- 
minute  delay  due  to  locomotive  failures  in  service.  They  further 
show  that  the  electric  locomotives  have  handled  up  Elkhom 
Hill  in  a  single  day  50  per  cent  more  slow  freight  tonnage  than 
was  handled  by  steam  locomotives  in  the  maximum  day  recorded 
prior  to  the  summer  of  1911.  This  was  done  with  only  nine  of 
the  twelve  electric  engines  in  service.  From  Nov.  1st  to  Dec. 
17th,  inclusive,  there  was  no  delay  due  to  failure  of  electric  loco- 
motives in  service.  During  this  period  th§  electric  locomotives 
made  nearly  45,000  miles  (72,420  km.)  with  approximately  700 
freight  trains  and  25,000  freight  cars,  each  of  from  60,000  to 
180,000  lb.  (27,215  to  81,646  kg.)  capacity,  eastbound  up  Elk- 
hom Hill.  In  addition,  they  pushed  an  average  of  two  passenger 
trains  per  day  up  the  hill  and  cared  for  an  unknown  quantity  of 
switching  service  and  westbound  freight  traffic.  Presumably, 
the  railway  company  will  at  some  time  in  the  future  give  statistics 
showing,  better  than  is  now  possible,  the  heavy  traffic  and  severe 
service  which  electrification  is  successfully  meeting  in  this 
installation. 
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DiscrrssiON  ON  **  Operation  ON  The  Norfolk  and   Western 
Railway"    ^Wynne;  New  York,  Feb.  9,  1916. 

A.  H.  Annstrong:  The  induction  motor  has  one  inherent 
rharacterislic,  constant  speed  at  all  loads,  that  makes  it  of 
doubtful  application  to  the  haulage  of  trains  over  a  broken 
[profile.  The  speed  of  the  motor  can  be  varied  only  slightly 
cx^-ejA  by  changing  its  number  of  poles,  a  matter  of  doubtful 
exj>ediency  in  its  practical  application  to  the  operation  of  a 
train.  We  have  been  educated  in  steam  railroading  to  expect 
the  flexible  speed  characteristic  of  the  steam  engine,  that  is, 
slow  running  on  ruling  grade  and  proportional  higher  speed  on 
the  lesser  grades  and  level  track.  Railroad  practise  therefore 
is  more  or  less  crystalized  about  the  flexible  speed  operation 
of  the  motive  power,  and  in  adapoting  the  induction  motor  to 
train  haulage  we  are  going  against  all  previous  ideas,  and  the 
continued  operation  of  the  Norfolk  &  Western  Railroad  will  be 
watched  with  considerable  interest  as  throwing  light  upon  the 
adaj)tability  of  the  induction  motoi  to  main  line  service. 

The  author  gives  little  data  in  regard  to  the  question  of  change 
of  s])eed  except  that  certain  lighter  trains  will  change  from  14 
to  28  miles  per  hour  where  the  ruling  grade  is  favorable.  No 
reference  is  made  to  the  fact  that  drag  freight  trains  operate 
over  a  broken  profile,  and  the  inference  is  gained  that  such  trains 
operate  at  a  constant  speed  even  on  the  considerable  stretch  of 
low  grade  track  over  which  a  higher  speed  would  be  permissible. 
With  the  steam  locomotive  or  the  d-c.  motor  locomotive,  the 
sloping  characteristic  curve  inherent  in  such  motive  power  auto- 
matically provides  for  a  change  in  speed  inversely  proportional 
to  the  gradient  of  the  track. 

Very  little  is  said  in  the  paper  about  regenerative  braking 
although  the  induction  motor  inherently  provides  this  feature. 
So  much  interest  is  attaching  to  electric  braking  on  the  Chicago, 
Milwaukee  &  St.  Paul  installation  that  I  may  be  justified  in 
commenting  upon  several  operating  facts  found  in  connection 
therewith.  The  method  of  handling  trains  going  over  the  crest 
of  the  grade  and  starting  down  is  a  matter  calling  for  a  consid- 
erable amount  of  skill.  Having  little  to  guide  us  in  this  direction 
I  had  hoped  that  the  author  would  have  brought  out  something 
more   of   the   practise   prevailing  on   the   Norfolk    8c   Western. 

As  the  train  surmounts  the  grade  and  the  leading  locomotive 
starts  to  descend  no  trouble  is  experienced  in  applying  the  elec- 
tric brakes  and  in  passing  from  motoring  into  braking  unless 
the  train  is  brought  to  test  and  then  re-accelerated  on  down 
grade.  In  starting  on  a  down  grade  it  is  sometimes  difficult  to 
change  from  motoring  into  braking  without  introducing  the 
possiblity  of  breaking  the  train  in  two.  One  method  of  min- 
imizing this  trouble  is  to  tip  the  retainers  on  a  certain  number 
of  the  leading  cars  of  the  train  so  that  an  application  of  air 
yn\\  result  in  bunching  the  slack  on  the  leading  locomotive. 
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The  change  from  motoring  to  braking  can  then  be  effected 
without  occasioning  a  surge.  Il  has  even  been  possible  to  hold 
back  a  3000-ton  train  on  a  2  per  cent  grade  with  electric  loco- 
motives in  different  parts  of  the  train  both  braking  electrically. 
No  exact  method  of  handling  the  train  down  grade  has  as  yet  been 
established,  but  the  greatest  success  has  attended  the  use  of 
electric  brakes  and  the  energy  returned  to  the  line  has  been 
approximately  15  per  cent  of  the  total  average  demand  of  the 
first  engine  division  electrified  on  the  Chicago,  Milwaukee  & 
St.  Paul  road. 

It  is,  of  course,  understood  that  retainers  are  kept  in  use 
only  during  the  initial  period  of  changing  from  motoring  into 
braJcing,  the  air  is  then  allowed  to  leak  out  and  the  train  handled 
in  its  entirety  by  the  electric  brake.  The  electric  brakes  will 
hold  back  the  entire  train  provided  the  locomotive  weight  on 
drivers  will  furnish  the  necessary  tractive  effort  without  exceed- 
ing a  coefficient  of  adhesion  permissible  with  the  condition  of 
the  rails.  For  example,  on  ore  roads  where  the  grade  favors  the 
load  it  is  current  practise  for  the  locomotive  to  handle  a  train 
down  grade  which  is  very  much  heavier  than  the  same  locomotive 
could  haul  up  grade.  This  is  made  possible  by  the  application 
of  air  brakes  to  all  cars,  and  if  an  attempt  is  made  to  hold  back 
the  train  by  electric  brakes  on  the  locomotive  it  wotdd  demand 
such  a  high  tractive  effort  as  to  exceed  the  ability  of  the  loco- 
motive to  hold  the  train  back  and  the  wheels  would  slip.  With 
such  trains  therefore  it  is  necessary  to  supplement  electric  brakes 
by  a  certain  amount  of  air  brake  application  or  else  install  loco- 
motive capacity  greatly  in  excess  of  what  would  be  required 
to  haid  the  empty  cais  up  the  grade  on  the  return  trip.  The 
combined  use  of  electric  and  air  brakes  introduces  some  new 
features  which  are  not  as* yet  reduced  to  a  standard  practise, 
but  undoubtedly  the  constant  speed  characteristic  of  the  induc- 
tion motor  introduces  a  han^cap  where  electric  braking  is 
supplemented  by  air  brakes,  and  this  is  due  to  the  small  latitude 
which  such  motors  permit  in  speed  variation.  The  d-c.  loco- 
motive is  much  more  readily  adapted  to  the  combined  use  of 
electric  and  air  brakes,  as  the  speed  at  which  electric  brakes 
can  be  applied  extends  over  a  considerable  range  and  thus  fits 
in  better  with  the  combined  use  of  electric  and  air  brakes  in 
cases  where  the  electric  locomotive  has  not  sufficient  weight  on 
the  drivers  to  hold  back  the  trailing  load  on  down  grade.  The 
constant  speed  characteristic  of  the  induction  motor  therefore 
may  prove  to  be  a  serious  handicap  not  only  during  the  period 
of  motoring  over  a  broken  profile  but  also  during  the  regener- 
ative period  down  grade  where  the  combined  use  of  electric 
and  air  brakes  may  be  enforced. 

Some  reference  has  been  made  to  the  question  of  wheel  cor- 
rection, that  is,  the  induction  motor  being  a  constant  speed 
motor  will  operate  at  a  constant  rotative  speed  while  the  loco- 
motive speed  will  be  proportional  to  the  wheel  diameter.    When 
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all  wheels  are  new  any  two  locomotives  may  be  coupled  together 
in  the  same  train  and  all  motors  run  at  the  same  speed.  After 
the  tires  have  been  turned,  however,  there  might  be  coupled 
to  the  same  train  two  locomotives  having  tires  of  different 
diameter,  in  which  case  a  constant  resistance  must  be  interposed 
in  the  motor  secondary  geared  to  the  larger. wheel  diameter  in 
order  that  the  wheel  peripheral  speed  shall  conform  to  that  of 
the  smaller  wheel  diameter.  This  constitutes  a  loss  in  efficiency 
which  is  peculiar  only  to  the  split-phase  or  induction  motor 
type  of  locomotive  and  adds  to  the  btirden  of  locomotives  of 
the  Norfolk  &  Western  type  which  already  have  a  very  low 
efficiency  due  to  the  losses  in  transformer,  phase  conveiter, 
gears,  jack  shaft,  side  rods,  etc.  It  will  be  interesting  to  know 
the  efficiency  of  these  locomotives  especially  after  they  have 
been  operated  for  a  sufficient  period  to  call  for  the  turning  of 
tires. 

R.  E.  Hellmund:  The  regenerative  control  of  the  Norfolk  and 
Western  locomotives,  was  found  to  work  much  easier  and  better 
than  had  been  anticipated.  When  the  heavy  train  is  pulled  up 
the  hill  and  passes  the  crest,  it  is  only  necessary  to  keep  the  power 
on  the  locomotive  in  the  regular  way  and  the  locomotive  picks 
up  the  regenerative  load  car  by  car  automatically  and  the  en- 
gineer has  practically  nothing  to  do.  You  can  stand  on  the 
locomotive  and  watching  the  ammeters  observe  the  increase  in 
regenerative  current  as  each  car  bumps  up  against  the  car  in 
front  of  it ;  there  is  a  succession  of  these  little  bumps,  and  you  can 
practically  count  the  cars  as  they  are  picked  up  by  the  loco- 
motive. It  works  very  smoothly  and  without  any  trouble.  In 
fact,  some  of  the  operation  which  originally  it  was  not  contem- 
plated to  do  by  electric  braking  is  now  being  done  in  this 
manner,  because  It  is  much  easier  than  the  air  braking. 

In  the  control  of  the  locomotive,  the  water  rheostat  is  of  some 
interest,  in  so  far  as  its  control  is  different  from  the  type  of 
controller  commonly  used  on  electric  locomotives.  We  are  all 
accustomed  to  have  a  master  controller  which  is  wprked  by 
notches,  to  increase  the  voltage  on  the  motors  or  change  the 
connections.  In  this  particular  locomotive  the  water  in  the 
rheostat  is  lowered  and  raised  by  means  of  a  handle,  the  opera- . 
tion  of  which  is  somewhat  similar  to  the  operation  of  the  throttle 
lever  of  the  steam  locomotive,  and  it  seems  that  the  steam 
engineers  find  that  very  convenient  and  much  to  their  liking 

As  to  the  limiting  speeds  of  the  induction  motor,  which  have 
been  considered  so  much  of  a  disadvantage,  we  find  more  and 
more  that  this  feature  can  hardly  be  considered  as  such.  About 
six  or  seven  years  ago  wheni  first  saw  three-phase  motors  opera- 
ting in  Italy,  I  was  very  much  worried  about  their  disadvantages. 
I  was  told  however,  that  as  an  actual  fact,  the  service 
could  be  handled  better  and  easier  than  with  steam,  and  while 
steam  trains  were  frequently  late  on  the  steam  lines  the  elec- 
trical trains   hardly  ever   were   late;   this  is  because  variable 
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speed  locomotives  will  lose  time  with  overloads,  while  the  three- 
phase  motor  always  runs  at  the  same  speed  and  there  is  less 
chance  for  losing  time. 

Then,  of  course,  there  is  the  possibility  of  losing  time  in  the 
stations  for  various  reasons,  and  the  argument  is  that  such  time 
cannot  be  made  up  by  the  constant  speed  locomotives.  It  is 
to  be  considered  in  this  connection  that  most  railway  equipments 
are  worked  about  to  their  limit  nowadays,  and  whether  you  have 
the  series  characteristic  or  the  constant  speed  characteristic, 
you  cannot  make  up  time  except  by  shortening  the  coasting 
period.  This  can  be  done  with  a  three-phase  motor  as  well  as 
with  a  series  characteristic  motor.  If  you  want  to  make  up 
time,  the  only  <jhance  you  have  in  either  case  is  to  make  it  up 
by  keeping  the  power  on  longer.  For  this  reason  it  seems  that  the 
slight  difference  between  the  two  motor  characteristics  appar- 
ently does  not  grow  to  be  a  great  disadvantage  in  actual  practise. 
In  Italy  they  handle  passenger  traffic  to  a  very  large  extent  with 
three-phase  motors,  and  they  are  altogether  satisfied  with  the 
limited  speed  characteristic. 

Francis  H.  Shepard:  Railroad  service  on  the  Norfolk  and 
Western  is  far  from  toy  railroading.  These  locomotives  weigh 
270  tons,  and  to  give  you  an  idea  of  the  amount  of  power  han- 
dled, with  an  ordinary  train  accelerating  on  the  grade  the  power 
runs  from  8000  to  9000  kw.  per  train.  On  certain  accelerations 
which  have  been  made  for  demonstration  purposes,  the  power 
reached  12,000  kw.,  and  on  a  single  locomotive,  also  for  dem- 
onstration purposes,  on  the  28-mile  connection,  8000  kw. 

In  handling  a  long  train,  I  might  say  that  some  twenty  years 
ago  I  lost  my  respect  for  the  strength  of  railroad  equipment. 
Down  in  the  Baltimore. and  Ohio  tunnel  we  broke  trains  in  two 
as  though  they  were  a  string  of  egg-shells.  A  train  is  not  an 
inflexible  structure;  the  least  little  jerk  on  the  controller  may 
tear  the  train  in  portions,  and  one  of  the  necessities  in  handling 
heavy  trains,  and  particularly  in  getting  satisfactory  performance 
with  the  train,  is  to  have  absolute  control  of  the  motive  power. 
The  more  refined  control  of  the  train  you  can  get  the  better  off 
you  are. 

It  is  a  serious  matter  for  a  Mallet  pusher  to  slip  at  the  rear  of 
a  train,  in  that  it  commonly  results  in  breaking  the  train  into  two 
or  three  parts.  When  you  break  a  train  in  two  on  these  grades 
with  cars  with  lading  which  weigh  130  tons  each,  it  is  because  no 
draw-bar  or  draft  rigging  can  stand  the  surge  and  shock.  For 
instance,  on  one  occasion  on  the  Norfolk  and  Western  inadver- 
tently the  trolleys  were  lowered  on  the  rear  or  pusher  locomotive; 
the  power  was  cut  off  thereby,  and  the  train  broke  into  three 
parts.  These  locomotives  are,  of  course,  interesting  to  every- 
one who  sees  them  and  rides  on  them.  This  accident  happened 
because  the  conductor  seeing  these  levers  wanted  to  know  their 
function  and  whether  they  were  operative,  and  was  told  **  No, 
they  are  all  cut  out,  except  on  the  operating  end."     That  was 
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the  fact,  except  for  the  trolley  down  button.  That  was  the 
very  one  he  pushed. 

The  operation  of  the  liquid  rheostat  has  been  amazingly  suc- 
cessful. There  are  many  operations  which  take  place  in  hand- 
ling these  heavy  trains  which  do  not  follow  the  pictures  we 
ordinarily  consider  railroad  operations  are  governed  by,  the 
speed-time  curves  of  the  designing  engineers. 

It  is  not  uncommon  for  a  train  to  have  stuck  brakes,  to  have 
an  excess  tonnage,  or  to  require  a  slow-down  movement,  and  the 
facility  and  capacity  of  the  water  rheostats  to  secure  these 
abnormal  operations  is,  as  I  have  said,  amazing.  The  curvature 
on  the  Norfolk  and  Western  is  so  great  that  with  the  long  trains 
it  is  quite  impossible  to  pass  the  customary  whistle  and  other 
signals  from  the  head  to  the  rear  of  the  train.  In  the  operation 
up  the  grade,  the  head  engineer  gets  a  **  slow  "  order,  the  pusher 
engineer  has  no  knowledge  whatever  of  this,  the  head  engineer 
shifts  his  load  by  inserting  resistance,  the  rear  engineer  receives 
immediately  a  corresponding  increment  of  load,  he  also  in  turn 
shifts,  and  thus  they  may  drop  down  to  half  speed,  or  less  than 
half  speed,  and  then  when  the  slow  order  has  been  satisfied 
and  they  wish  to  accelerate  up  to  full  speed  again,  the  head 
engineer  opens  up;  the  rear  engineer  sees  he  is  opening  up,  so 
he  does  likewise,  and  the  whole  operation  is  carried  on  without 
any  surge  to  the  train  whatever. 

The  result  of  this  is  that  extreme  facility  in  operation  is  secured 
and  a  very  material  decrease  in  damage  to  equipment  over  that 
inherent  to  a  variable  speed  locomotive  such  as  one  operated  by 
steam . 

As  to  the  inflexibility  of  the  induction  motor,  a  few  years  ago 
I  agreed  entirely  with  Mr.  Annstrong's  o])imon,  as  expressed 
this  evening,  but  I  must  confess  that  1  have  changed,  and  that 
change  in  my  position  has  been  very  largely  governed  by  our 
operation  and  analvvsis,  together  with  contact  with  railroad  men. 
These  motors  operate  so  satisfactorily  that  the  dis])atchers  and 
tower  men  will  despatch  one  of  these  constant  speed  trains  ahead 
of  a  passenger  train,  definitely  figuring  on  only  a  minute  or  two 
leeway,  and  know  that  the  train  is  going  to  clear.  You  thus  get 
the  ca])acity  out  of  the  railroad  because  the  dispatchers  and  tower 
men  know  that  trains  will  start  and  clear  in  a  certain  number  of 
minutes  and  that  the  first-class  trains  will  not  be  held  up.  In 
the  case  of  steam  oi)cration,  when  they  give  a  train  a  clear  track 
they  do  not  know  when  it   is  going  to  clear. 

The  operation  of  the  induction  motor  for  regeneration  is 
exceedingly  sim])le,  and  the  ease  with  which  it  is  operated  has 
resulted  in  the  men  vising  the  air  brake  only  when  they  really 
have  to,  that  is,  to  come  to  a  standstill.  Even  in  light  train 
or  single  locomotive  oi)eraiions  it  is  not  unusual  for  them  to 
regenerate,  because  it  is  the  simple  and  easy  way  of  governing 
the  train. 

Every  one  who  has  ridden  on  a  mountain  grade  knows  that 


19161  DISCUSSION  AT  NEW  YORK  159 

the  dropping  of  a  train  down  a  grade  is  not  at  constant  speed  or 
an5rwhere  near  constant  speed.  The  train  hunts  in  speed  up 
and  down  the  grade,  and.  before  you  get  the  last  service  applica- 
tion to  the  brjJces  you  are  always  more  or  less  concerned,  and 
greatly  relieved  when  you  know  that  you  have  reached  the 
foot  of  the  grade.  In  swinging  over  to  constant  speed  regener- 
ation, while  going  over  the  summit  of  the  grade,  the  operation  is 
simply  the  switching  of  the  levers  to  secure  a  little  better  opera- 
ting characteristic  on  the  locomotive, — it  is  not  really  essential, — 
and  we  take  down  a  train  of  103  cars,  which  is  a  pretty  sizable 
train  without  touching  the  air  and  would  not  spill  a  drop  of 
water  out  of  a  glass  in  the  caboose. 

Swinging  into  regeneration  from  start,  on  a  down  grade  can  be 
accomplished  with  about  the  same  facility.  There  was  originally 
some  concern  as  to  how  we  would  tip  the  train  over  the  summit, 
whether  the  head  engine  would  not  give  a  terrific  surge  to  the 
train,  but  as  I  say,  this  is  handled  with  great  smoothness. 

In  taking  a  train  down  a  mountain  grade  with  this  system, 
you  feel  as  though  it  were  tied;  that  is,  the  sensation  when  you 
go  down  with  a  constant  speed  locomotive,  no  running  up  in 
speed  and  no  occasion,  therefore,  for  any  excess  in  tractive 
effort  above  the  holding  tractive  effort.  There  is  a  vast  differ- 
ence between  the  adhesion  required  to  start  a  train  on  a  grade 
and  the  adhesion  required  to  hold  that  same  train  going  down, 
a  grade.  By  that  margin  this  inflexibile  characteristic  is  ad- 
vantageous. 

We  are  taking  325Q-ton  trains  down  a  pitch  of  2.4  gradient 
from  the  head  end  without  touching  the  air.  This  exceeds  the 
adhesive  limit  you  would  ordinarily  assume.  This  is  done 
regularly,  a  dozen  or  twenty  times  a  day.  If,  for  any 
reason,  the  rail  is  bad,  you  can  very  readily  touch  up  the  train 
with  a  light  brake  application,  and  take  part  of  the  retarding 
effort  with  the  train  brake.  I  may  say  that  retainers  are  not 
used,  they  have  not  been  found  necessary  to  secure  smooth  con- 
trol of  the  retardation. 

If  the  engineer  should  for  any  reason  during  regeneration 
handle  the  train  brakes  improperly — and,  by  the  way,  there  is 
more  opportunity  to  wreck  a  train  by  improperly  handling  the 
air-brakes  than  in  almost  any  other  way — the  constant  speed 
characteristic  in  the  induction  motor  shows  its  great  advantage, 
for  the  speed  of  the  train  is  absolutely  held  until  the  train  brakes 
have  full  control  of  the  train.  The  train  brakes  must  positively 
have  control  of  the  train  before  the  locomotive  holding  that  train 
loses  its  holding  power,  and  therefore  it  is  a  perfectly  safe  and 
smooth  operation,  simply  to  shut  off  the  controller. 

In  bringing  the  train  to  a  stop  on  the  grade,  the  brake  applica- 
tion is  always  made  first,  and  as  soon  as  the  motor  ceases  hold- 
ing, the  train  is  imder  full  control  by  the  air  with  auxiliaries 
fully  charged,  there  is  no  chance  of  running  up,  and  the  train 
is  slowed  down  from  its  constant  speed  of  fourteen  miles  an  hour. 
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The  men  who  handle  these  constant  speed  motors  are  delighted 
with  their  inflexible  speed  characteristics  and  it  is  noteworthy 
that  on  regeneration  there  has  never  been  a  case  of  slid  wheels 
or  train  broken  in  two. 

B.  A.  Behrend:  We  have  discussed  the  subject  of  the  elec- 
trification of  trunk  lines  for  the  past  ten  years.  The  situation 
seems  to  be  about  the  same  today  as  it  was  ten  years  ago  in 
regard  to  unanimity  of  opinion  as  to  the  best  system  available. 
Mr.  Wynne's  paper  and  Mr.  Shepard's  able  discussion  of  it  have 
demonstrated  without  doubt  that  single-phase. generation  and 
single-phase  distribution  to  single-phase-three-phase  locomotives 
has  been  successfully  executed  on  the  Norfolk  and  Western  Rail- 
way. Mr.  Armstrong's  discussion  has  reminded  us  that  high- 
voltage  d-c.  distribution  to  high-voltage  d-c.  locomotives  can 
be,  and  also  has  been,  successfully  carried  out  on  a  large  scale. 
We  are  further  aware  that  single-phase  generation  and  distri- 
bution to  single-phase  locomotives  has  worked  out  successfully 
on  the  New  Haven  Railroad.  It  remains  only  to  raise  the  point 
whether  the  diiBculty  of  three-phase  distribution  is  such  as  to 
make  impossible  the  use  of  three-phase  generation,  three-phase 
distribution,  and  three-phase  locomotives.  Unless  the  use  of 
two  trolleys,  which  three-phase  distribution  necessitates,  is  as 
prohibitive  as  the  railway  engineers  make  us  believe,  it  would 
not  seem  permissible  to  resort  to  the  additional  complications 
of  adding  on  each  locomotive  a  single-phase  three-phase  synchron- 
ous converter.  It  must  always  be  borne  in  mind,  as  has  fre- 
quently been  stated  since  the  advent  of  the  single-phase  railway, 
that  the  generation  of  single-phase  currents  is  a  very  uneconom- 
ical process,  involving  problems  of  design  of  single-phase  genera- 
tors which  are  very  difficult  of  satisfactory  solution.  It  must 
always  be  borne  in  mind  that  the  best  single-phase  generating 
plant  conceivable,  if  it  were  to  be  utilized  for  three-phase  genera- 
tion, would,  electrically,  almost  be  doubled  in  capacity  merely 
by  the  utterance  of  that  magic  word  three-phase  for  single-phase. 
After  all,  then,  perhaps,  such  great  engineering  achievements  as 
the  electrification  of  the  Norfolk  and  Western  Railway,  or  the 
Chicago  Milwaukee  and  St.  Paul  Railway,  must  be  described 
as  the  least  unsatisfactory  solution  of  a  difficult  problem  rather 
than  as  the  most  satisfactory  solution  that  can  be  devised. 

W.  I,  Slichter:  Whether  we  believe  in  one  system  or  the  other, 
I  think  that  all  of  the  systems  have  shown  that  the  electrical 
engineer  by  one  system  or  another  can  move  the  freight  and  the 
passenger  traffic  on  big  trunk  line  railways  more  economically, 
more  reliably  and  more  satisfactorily  than  the  steam  locomotive. 
Each  system,  as  Mr.  Behrend  has  said,  accomplishes  the  result, 
and  whether  it  is  the  best  system  in  the  end,  I  believe  nobody 
is  able  to  say  any  more  that  any  one  can  say  any  particular 
steam  railway  has  the  best  system. 

In  this  system  we  have  the  application  of  three-phase 
motors  to  heavy  work.     I  think  we  all  concede  that  this  heavy 
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coal-bearing  traffic  is  the  best  place  in  which  the  three-phase 
motor  could  be  put.  The  three-phase  motor  has  the  great 
advantage  of  being  able  to  regenerate  power  with  the  simplest 
and  easiest  connections.  It  has  the  disadvantage  that  it  is  a 
constant  speed  motor,  and  that  it  is  very  sensitive  to  changes 
in  voltage.  That  is  one  point  on  which  I  would  like  to  ques- 
tion the  author — what  variation  in  voltage  at  the  locomotive 
has  been  experienced  in  practise,  and  whether  this  loss  in  volt- 
age has  been  found  to  be  of  any  great  disadvantage.  Wo  are 
aware  that  the  torque  of  the  induction  motor  decreases  as  the 
square  of  the  voltage. 

The  phase  converter  is  a  very  interesting  piece  of  apparatus, 
which  meets  the  railway  operator's  criticisms  of  the  polyphase 
motor,  in  being  able  to  take  single-phase  currents  and  convert 
them  to  three-phase  currents  and  give  the  polyphase  induction 
motor  the  currents  it  needs.  At  the  same  time,  it  adds  one  more 
link  in  the  chain  as  to  reliability  and  as  to  drop  in  voltage.  It 
adds  certain  increase  in  weight,  and  we  have  then  the  question — 
Is  it  worth  while? 

This  regeneration  is  of  very  great  value  in  saving  equipment  by 
holding  the  trains  on  the  curves,  but  it  requires  additional  care 
in  management.  On  this  road  is  the  traffic  sufficiently  great  so 
that  the  regenerated  energy  from  trains  going  down  grade  may 
be  taken  care  of  adequately  by  trains  going  up  grade,  or  is  some 
regulating  device  provided,  so  that  in  case  trains  are  only  going 
down  grade  and  none  going  up  grade,  the  excess  energy  will  be 
absorbed  somewhere? 

R.  E.  Hellmund:  The  previous  speaker  made  reference  to 
the  sensitiveness  of  the  induction  motor  to  voltage  variations. 
It  is  quite  true  that  the  torque  of  the  induction  motor  varies 
with  the  square  of  the  voltage,  but  on  the  other  hand  it  is  not  at 
all  difficult  with  these  large  motors  to  design  them  for  torques 
very  much  in  excess  of  the  rated  torque.  With  the  Norfolk  and 
Western  locomotives,  for  instance,  I  believe  the  slipping  point 
of  the  wheels  is  about,  I  should  say,  200  per  cent  of  the  rated 
load  of  the  motors,  while  the  motors  are  good  for  400  per  cent  at 
normal  voltage.  Thus  you  can  readily  see  that  assuming  20 
per  cent  voltage  drop,  or  even  25  per  cent,  and  a  corresponding 
drop  of  40  or  50  per  cent  in  torque,  the  motor  torque  will  still 
be  in  excess  of  the  slipping  point  of  the  wheels,  in  other  words, 
there  is  always  plenty  of  torque  to  get  started.  After  the  ipotors 
are  once  up  to  speed,  the  variation  of  voltage  simply  means  that 
the  load  current  will  change;  it  will  increase  inversely  propor- 
tionate to  the  voltage;  however,  the  increased  copper  losses 
caused  thereby  are  largely  compensated  for  by  decreased  core 
losses,  and  for  that  reason  it  is  a  matter  of  fact  that  the  induction 
motor  will  run  with  pretty  nearly  the  same  temperature  with 
voltage  variations  of  10  to  20  per  cent.  Of  course,  that  depends 
somewhat  on  the  detail  design,  but  as  a  rule  there  is  not  much 
difficulty  in  taking  care  of  the  voltage  variation. 
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Charles  F.  Scott:  We  have  before  us  certain  railway  per- 
formances. In  steam  railway  operation  there  is  no  performance 
equal  to  that  which  has  been  described  here  this  morning. 
Trains  of  over  3000  tons  have  been  run  up  grades  at  the  rate  of 
14  miles  an  hour,  train  after  train,  in  regular  and  heavy  service. 
After  the  long  development  of  steam  locomotives,  a  dozen 
or  so  of  the  electric  locomotives  are  doing  the  work  of  something 
like  thirty  of  the  best  steam  locomotives  that  could  be  obtained. 
The  electric  train  servnce  is  something  like  twice  what  is  possible 
with  steam,  i.e.,  the  highest  speed  and  power  found  practicable 
in  steam  operation  have  been  doubled  in  electrical  operation 
and  the  capacity  of  a  congested  track  has  been  doubled. 

In  comment,  what  are  some  of  the  questions  which  are  asked? 
Some  inspect  the  outfit  with  a  sort  of  microscope  and  say,  **  This 
might  be  different,  or  that  might  be  different."  One  of  the 
gentlemen  who  took  part  in  the  discussion  this  morning,  is  artisti- 
cally pessimistic.  He  says  about  the  generator — '*  Why,  if  it 
were  a  three-phase  generator,  you  could  get  twice  as  much  out 
of  it."  Surely,  but  the  generator  is  a  small  part  of  this  system. 
Moreover,  is  not  the  generator  on  the  basis  of  kilowatts  output 
per  pound  of  generator,  giving  a  performance  comparable  to 
that  of  any  generator,  a  dozen  years  ago? 

A  question  has  been  raised  about  two  trolley  w'res.  Would  it 
not  be  better  to  use  them  instead  of  putting  in  the  phase  con- 
verter? Is  this  not  a  simple  matter  of  detail,  a  matter  of  com- 
promise, between  the  mechanical  objections  to  running  the  extra 
trolley,  and  the  objections  to  putting  a  little  more  apparatus  on 
the  locomotive?  It  is  really  calling  on  the  electrical  system 
at  the  two  ends  to  bear  the  brunt  of  the  mechanical  objections  to 
the  additional  trolley.  If  the  three  phase  s\^tem  had  been 
employed  on  the  line  as  well  as  the  locomotive  there  would 
have  been  required  two  overhead  high-voltage  contact  wires 
instead  of  one ;  two  current  collecting  devices  on  each  locomotive 
instead  of  one;  two  oil  switches  instead  of  one;  transformers 
for  three  phases  instead  of  one;  a  three-phase  motor  for  driv- 
ing the  blower  and  compresser  instead  of  a  phase  converter 
which  serves  the  double  service  of  phase  converter  and  motor. 

It  has  been  alleged  that  the  induction  motor  does  not  permit 
a  higher  speed  on  level  track;  but  in  this  particular  case  the 
change  in  the  number  of  poles  secures  a  speed  of  28  miles,  or 
double  that  employed  on  the  grade.  This  is  a  higher  speed 
than  would  ordinarily  be  obtained  from  a  direct-current  equip- 
ment. 

True,  electrical  engineers  do  not  agree  among  themselves,  on 
all  plans  and  details.  But,  our  variations  are  no  wider  than 
those  in  steam  locomotive  practise.  The  problems  which  the 
steam  locomotive  designers  have  been  working  on  for  nearly  a 
century,  have  been  solved  electrically.  A  kind  of  apparatus 
was  required  which  had  not  been  built  before,  combining 
a  great  many  new  types  of  elements,  and  a  great  many  elements 
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of  common  type,  but  designed  in  new  fashion,  so  that  they  can 
work  together  on  a  large  scale,  £ind  we  utterly  outdistance  steam 
practise. 

If  the  new  locomotives  are  hauling  more  coal  and  giving  rail- 
way service  superior  to  any  ever  given  before^  it  is  a  little  un- 
complimentary, at  least,  to  say — **Well,  that  is  probably  the  least 
unsatisfactory  thing  that  could  be  done."  Of  course  it  is.  if  we 
have  done  the  best  thing  possible,  exceeding  anything  which  was 
done  before,  of  course  it  is  the  "  least  unsatisfactory."  That 
particular  system  is  bist  which  in  a  given  case  performs  the 
service  at  the  least  cost. 

William  Arthur:  When  you  stand  back  and  look  at  what  has 
been  accomplished  on  an  electrification  such  as  the  Norfolk  and 
Western,  you  get  a  new  perspective.  Talk,  such  as  we  have 
heard  about  retainers,  whether  single-phase  generation  was  highly 
efficient,  when  compared  with  some  other  system,  and  other 
relatively  unimportant  details  seems  to  me  very  largely  im- 
material. The  weight  of  the  locomotives  too,  has  been  compared 
and  one  member  referring  to  the  locomotives  on  the  Norfolk 
and  Western,  mentioned  the  fact  that  they  had  to  carry  the 
phase  converter.  A  locomotive  must  possess  weight  in  order  to 
fulfill  its  functions.  No  one  can  conceive  of  a  weightless  loco- 
motive doing  any  work.  You  have  to  get  the  grip  on  the  rail 
and  sufficient  power  must  be  applied  to  the  wheels  to  maintain 
the  adhesion  which  the  engineers  decide  is  necessary.  That 
today  can  be  done  with  any  system.  The  question  of  the 
weight  of  the  locomotive  as  between  the  various  systems  is 
today  relatively  unimportant,  although  a  few  years  ago  when 
we  had  only  low  voltage,  direct-current  and  single-phase,  to 
compare  it  was  of  more  importance  and  there  was  then  usually 
a  difference  between  the  weight  of  the  two  types  for  the  reason 
that  the  low  voltage  d-c.  motor  considered  alone,  will  always 
be  lighter  than  a  motor  of  the  same  capacity  but  of  the  single- 
phase  type. 

This  is  not  true  to-day  of  the  locomotives  as  a  whole.  The 
problems  entering  into  the  weight  question,  the  space  problem, 
the  means  of  ventilation,  etc.,  are  such  that  taking  the  modem 
locomotives  of  the  various  types  and  comparing  them,  there  is 
but  very  little  difference  between  them.  To-day  locomotives 
can  be  built  on  any  system,  particularly  for  freight  service,  which 
have  practically  the  same  weight. 

H.  M.  Hobart:  I  do  not  share  Mr.  Behrend's  pessimistic 
view  that  it  is  a  question  of  choosing  the  loast  unsatisfactory  of  two 
very  tmsatisfactory  solutions.  I  think  it  is  a  question  of  which 
is  the  most  satisfactory  of  a  variety  of  excellent  solutions.  On 
the  other  hand,  I  do  not  agree  with  Prof.  Scott,  and  some  others, 
that  engineers,  can  say  that  the  sole  test  of  success  is  technical 
success.  Engineers  must  continue  to  strive  to  get  the  best  sys- 
tem possible.  Because  a  system  works  and  works  excellently, 
it  does  not  mean  that  it  is  the  best  system,  and  we  will  all  admit 
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that  in  the  long  run  the  object  is  to  find  the  most  excellent  sys- 
tem, and  that  is  decided  on  the  basis  of  dollars  and  cents. 

It  is  surely  not  necessary  at  this  time  to  review  the  distin- 
guishing features  of  each  particular  system,  three-phase,  direct- 
current  and  single-phase.  What  has  always  exasperated  me  is 
that  we  did  not  sit  down  ten  years  ago,  or  earlier,  and  actually 
settle  on  paper  that  which  could  have  been  absolutely  and  con- 
clusively settled  on  paper.  I  do  not  for  my  part  see  why  it  should 
have  taken  engineers  ten  years  to  conclude  that  the  single-phase 
generator  is  out  of  all  proportion  heavier  and  more  expensive 
for  its  output  than  the  three-phase  generator.  Right  up  to 
very  recently,  whenever  in  papers  or  discussions  I  assigned  to 
the  single-phase  generator  any  approach  to  its  actual  and  now 
widely  admitted  degree  of  inferiority,  it  was  stated  that  my  repre- 
sentations were  seriously  exaggerated. 

Mr.  Behrend  estimates  a  superiority  of  the  order  of  2  to  1 
for  a  three-phase  as  compared  with  a  single-phase  generator. 
As  I  have  already  stated,  it  has  been  very  difficult  to  find  recog- 
nition of  the  fact  that  the  inferiority  of  the  single-phase  generator 
is  of  such  magnitude  as  to  be  of  any  consequence.  Mr.  Behrend, 
however,  recognized  this  at  an  early  date  and  it  is  of  interest  to 
recall  his  statement  of  ten  years  ago  in  an  article  in  Cassier's 
Magazine  to  the  effect  that:  '*  The  very  much  reduced  output 
of  both  generators  and  motors,  if  operated  single-phase;  the 
reduced  efficiency;  the  impaired  regulation;  the  increased  heating 
and  less  stability  of  single-phase  motors  and  generators,  con- 
nected with  the  increased  cost  restdting  from  the  greater  amount 
of  material  required;  these  form  the  main  reasons  which  induce 
me  to  call  the  recent  attempts  which  have  been  made  in  the 
utilization  of  single-phase  currents,  a  forced  idea." 

Professor  Scott,  in  alluding  to  the  inferiority  of  the  single- 
phase  generator  said:  **  What  of  it,  it  is  only  one  link  in  the 
system  ?  "  In  reference  to  the  greater  cost  of  a  locomotive  having 
a  phase  converter  on  it,  we  might  say  **  What  of  it,  it  is  only  one 
link  in  the  system?**  But  they  all  count  up,  and  we  must  take 
account  of  each  link.  We  are  not  concerned  to  get  the  most 
novel  system,  or  to  get  something  which  technically  works  with 
great  satisfaction,  if  it  is  economically  inferior.  It  is  quite 
incumbent  on  some  one,  and  I  have  taken  upon  myself  that  duty, 
to  remind  you  of  what  we  all  know  very  well,  that  the  engineer 
must  strive  to  obtain  the  most  economical  result. 

F.  E.  Wynne:  I  agree  with  Mr.  Hobart  that  it  is  very  desir- 
able to  obtain  some  figures  regarding  the  economics  of  operation 
of  all  electrifications  which  have  been  made.  On  that  question, 
if  he  will  refer  to  the  last  sentence  of  the  paper,  he  will  note  that 
we  make  the  following  statement:  *'  Presumably,  the  railway 
company  will  at  some  time  in  the  future  give  statistics  showing, 
better  than  is  now  possible,  the  heavy  traffic  and  severe  service 
which  electrification  is  successfully  meeting  in  this  installation." 
When  I  wrote  that  I  had  in  mind  also  the  economies  of  operation 
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on  this  road.  Such  information  was  not  arailable  for  publica- 
tion at  that  time. 

One  of  the  best  features  in  the  induction  motor  is  its  constant 
speed  qualities,  which  insures  adherence  to  schedules,  which  the 
variable  speed  motor  does  not  necessarily  do.  Like  Mr.  Shep- 
ard,  I  used  to  be  very  strongly  on  the  other  side  of  the  fence, 
and  thought  there  was  no  possibility  of  an  induction  motor  being 
of  any  use  on  a  railway.  Following  the  operation  of  the  Italian 
State  Railways,  and  also  having  seen  the  operation  on  the  Nor- 
folk and  Western,  I  must  say  that  I  am  convinced  that  it  has  a 
very  good  field,  and  that  the  constant  speed  characteristic  is  not 
altogether,  in  fact,  it  is  very  far  from  being  altogether,  a  disad- 
vantage in  this  type  of  engine. 

Mr.  Shepard  stated  that  the  retainers  are  not  used  at  all  on  this 
road  for  assistance  in  braking.  If  any  other  system  of  electrifi- 
cation requires  the  use  of  retainers  in  order  to  get  over  the  brow 
of  the  hill,  it  is  certainly  a  serious  handicap  to  that  system.  The 
correction 'for  wheel  variation  which  is  mentioned  as  a  possibility 
has  not  yet  been  found  necessary  in  practise.  So  far  the  in- 
dividual motors  take  whatever  unbalancing  is  found  due  to 
difference  in  wheel  diameter.  It  may  be  found  desirable  to 
stand  for  the  slight  rheostatic  losses  entailed  at  a  later  date 
when  the  wheels  get  worn  more. 

Mr.  Behrend's  question,  which  he  said  he  would  ask  if  he 
dared,  was  why  this  installation  was  not  three-phase  through- 
out; that  is,  three-phase  generation,  transmission,  conver- 
sion, distribution,  and  propulsion.  There  are  two  ways  in 
which  I  think  that  can  be  best  answered — one  is  that  the  Great 
Northern  Cascade  Tunnel,  three-phase  installation,  has  been  in 
operation  for  a  number  of  years,  and  since  that  time  I  know  of 
no  other  case  where  a  thiee-phase  installation  has  even  been 
proposed,  not  to  say,  been  installed,  in  this  country.  Second, 
there  seems,  as  Mr.  Behrend  mentions,  to  be  a  decided  prejudice 
against  two  trolley  wires  in  this  country.  I  think  if  he  would  go 
over  the  Norfolk  and  Western  electrified  zone  he  would  probably 
also  become  prejudiced  against  the  use  of  two  wires  over  each 
track.  It  would  be  an  exceedingly  complicated  piece  of  over- 
head work,  and  as  there  are  nearly  one  hundred  miles  of  trackage 
to  be  handled  I  hardly  see  why  we  should  handicap  this  one 
hundred  miles  of  track  and  the  problem  of  collection  for  the  sake 
of  getting  two  or  three  more  efficient  generators  and  eliminating 
a  certain  piece  of  apparatus  from  the  dozen  locomotives. 

Prof.  Scott's  characterization  of  the  split-phase  locomotive 
as  using  the  electrical  part  of  the  system  to  relieve  the  mechan- 
ical part  is,  I  think,  very  happy.  He  also  inquired  as  to  whether 
the  performance  as  measured  by  the  train  sizes  and  speeds  had 
ever  been  equalled  in  steam  operation.  So  far  as  I  know,  it 
has  not.  Very  frequently  there  have  been  larger  trains  handled, 
but  I  do  not  think  that  the  combination  of  train  size  and  speed 
on  such  grades  has  ever  been  secured  elsewhere. 
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Proli  Slichter  adced  what  variation  in  voltage  occurs  at 
the  locomotive.  So  far  as  I  know,  the  variation  has  not  exceeded 
25  per  cent,  and  I  think  the  track  capacity  together  with  the 
distribution  layout  will  hardly  ever  permit  it  to  exceed  this 
value. 

Prof.  Slichter  also  inquired  regarding  some  kind  of  a  shock 
absorber  for  regenerated  energy.  The  traflSc  on  any  railway  of 
necessity  at  times  will  have  valleys  where  there  is  no  load  being 
taken  from  the  power  house — ^it  is  not  peculiar  to  the  Norfolk 
and  Western — and  consequently  in  any  system  utilizing  re- 
generated energy  and  suppl)ang  railway  load  alone,  it  will  be 
necessary  to  provide  at  the  feeding  points,  either  substations  or 
power  house,  a  rheostat  which  will  absorb  the  regenerated  energy 
when  there  is  no  other  load  on  the  line.  Such  a  rheostat  is  in 
use  on  the  Norfolk  and  Western  and  operates  a  few  times  in  the 
course  of  a  day. 

In  this  discussion,  there  has  been  a  tendency  to  emphasize 
details  and  to  determine  which  present  system  is  the  least 
disadvantageous,  or  whether  any  one  is  the  most  advantageous. 
I  think  that  is  a  biased  point  of  view  to  take.  We  are  all  trying 
to  improve  the  art  of  electric  railroading,  and  I  believe  that  every 
one  here  will  agree  that  an  art  which  has  only  thirty  years*  of 
history  behind  it,  is  not  yet  perfected.  There  is  probably  no  one 
electric  railroad  system  that  is  £is  yet  perfect.  We  hope  that 
some  day  the  various  systems  may  be  perfected,  and  that  it 
may  be  possible  to  determine  for  individual  cases,  which  is  the 
most  advantageous  system;  and  if  such  a  thing  is  possible, 
we  should  like  to  see  a  single  system  on  which  we  may  stan- 
dardize. I  think  it  will  be  some  years  before  we  get  to  any  such 
point.  Electrification  is  entirely  too  new  and  young  at  the 
present  time. 


Pf€StnUd  at  the  fourth  MidwinUr  Convention  of 
the  American  Institute  of  Electrical  Engineers, 
New  York,  February  9.  1916. 
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THE  LIQUID  RHEOSTAT  IN  LOCOMOTIVE  SERVICE 


BY  A.  J.  HALL 

Abstract  of  Paper 
This  paper  describes  the  liquid  rheostat  in  locomotive  service, 
giving  in  detail  the  arrangement  of  the  mechanical  parts  and 
means  for  controlling  it. 


1  IQUID  rheostats  in  locomotive  service  were  successfully 
■*— '  used  for  the  first  time  in  this  country  to  control  three- 
phase  induction  motors  on  the  Norfolk  &  Western  locomotives, 
which  have  certain  operating  characteristics  resembling  very 
closely  those  of  the  steam  locomotive,  especially  the  manipula- 
tion and  the  amount  of  abuse  they  will  stand  without  being 
materially  damaged. 

The  principal  functions  required  of  these  rheostats  are  as  fol- 
lows: To  cut  out  the  resistance  in  the  secondary  circuit  of  the 
main  motors  while  accelerating,  or  regenerating;  to  compensate 
for  the  slip  between  the  different  pairs  of  motors,  due  to  the 
variation  in  the  size  of  drivers,  and  to  make  and  break  the  current 
in  the  main  circuit  to  reduce  wear  on  the  primary  switches. 

The  main  circuit  schematic  diagram,  showing  the  connections 
of  the  liquid  rheostat  in  conjunction  with  the  rest  of  the  equip- 
ment is  shown  in  Fig.  1. 

The  rheostats  are  operated  in  pairs  each  pair  having  one 
operating  mechanism,  storage  reservoir,  cooling  tower  and  cir- 
culating pump. 

Figs.  2,  3  and  4  show  the  mechanical  structure  of  the  liquid 
rheostat,  which  consists  of  one  main  casting,  which  is  di\4ded 
into  four  compartments,  a  central  one  and  three  arranged  in 
triangular  form  around  it.  A  set  of  electrodes  is  mounted  in 
each  of  the  three  outer  compartments.  In  each  compartment, 
one  electrode  is  grounded  to  the  side  of  the  main  casting,  and  the 
other  is  suspended  from  the  top  cover  and  insulated  from  ground 
by  three  porcelain  insulators.  The  rods  which  support  the 
latter  electrode  are  connected  by  copper  straps  on  the  outside 
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of  the  cover.  Each  set  of  electrodes  is  connected  through  a  pole 
change-over  switch  to  the  secondary  of  a  three-phase  motor. 
The  electrolyte  furnishes  resistance  between  the  insulated 
electrodes  suspended  from  the  cover,  and  those  grounded  on  the 
side  of  the  main  casting,  thus  making  the  main  casting  the  com- 
mon point  of  the  star  connection.  The  center  compartment 
provides  space  in  which  a  steel  tube,  T  (Fig.  3),  which  can  be 
raised  or  lowered,  acts  as  an  overflow  pipe  for  the  liquid.  The 
height  of  the  liquid  in  the  rheostat  is  thus  varied  by  the  position 
of  the  overflow  tube.     The  electrodes  are  made  up  of  iron  plates. 
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Fig.  1 — Schematic  Diagram  of  Main  Circuits  of  Single-Phase  Loco- 
motive WITH  Liquid  Rheostat  Control  for  Induction  Motors 


The  effective  area  gradually  increases  and  the  resistance  in  the 
circuit  decreases  as  the  surface  of  the  liquid  arises. 

Two  of  these  rheostats  are  moimted  on  top  of  the  main  supply 
tank  containing  the  electrolyte,  which  consists  of  a  0.5  to  1  per 
cent  solution  of  anhydrous  sodium  carbonate  (NA2  CO3).  The 
intake  to  a  pump  which  will  circulate  approximately  300  gallons 
(1135  1.)  per  minute  is  connected  to  the  supply  tank  and  the 
outlet  is  divided  into  two  paths  which  lead  into  the  bottom  of  the 
rheostat  castings  mounted  on  top  of  the  supply  tank.  The  upper 
portion  of  the  regulating  or  overflow  tube  {T)  is  about  three  in. 
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(7.6  cm.)  smaller  in  diameter  than  the  lower  portion,  so  that  when 
this  tube  is  at  its  lowest  position,  there  is  a  space  (5)  around  the 
valve  for  the  liquid  to  flow  through  from  the  rheostat  to  the 
supply  tank  without  coming  into  contact  with  the  electrode. 
When  the  overflow  tube  is  raised,  the  upper  portion  of  the  larger 
part  of  the  tube  comes  in  contact  with  the  valve  seat,  preventing 
the  liquid  from  flowing  through.  It  then  flows  over  the  top  of 
the  tube,  raising  the  level  of  the  electrolyte  in  the  rheostat  and 


Fig.  3 — Partial  Section  of  Liquid  Rheostat 

submerging  a  portion  of  the  electrodes.     This  position  is  called 
the  "  flush-level  "  of  the  rheostat. 

The  operating  mechanism  in  the  center  of  the  rheostat  is 
controlled  by  a  balanced  pressure  operating  mechanism  which  is 
motmted  above  and  between  the  two  rheostats.  The  crossarm 
extending  from  this  mechanism  is  connected  to  each  of  the  two 
overflow  tubes  by  a  rod.  Thus  the  raising  or  the  lowering  of  this 
crossarm  raises  or  lowers  the  level  of  the  liquid,  which  in  turn 
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varies  the  surface  of  the  electrodes  submerged.  The  entire 
control  of  the  locomotive  centers  about  the  liquid  rheostats, 
which  are  so  designed  that  the  engineman  can  bring  his  locomo- 
tive up  to  speed  with  practically  an  infinite  number  of  steps. 

The  master  controller,  Fig.  5,  consists  of  two  separate  and 
independently  operated  drums,  neither  of  which  is  mechanically 
interlocked  with  the  other,  but  both  are  interlocked  with  the 
reverse  drum,  so  that  both  handles  must  be  in  the  "  off  ''  posi- 
tion before  the  reverse  drum  can  be  thrown.  The  speed  drum 
has  four  "  on  "  positions  to  set  up  the  required  combination  of 
pole  change-over  drums,  reverser  and  primary  switches.  The 
two  main  positions  are  the  14-mi.  (22.5-km.)  per  hr.  and  the 
28-mi.   (45-km.)    per   hour.       Between    the  14-mi.    (22.5-km.) 


Fig.  4 — Sketch   Showing   Horizontal  Arrangement   of   Rheostat 

Tanks 


per  hr.  and  the  "off"  position,  there  is  a  notch  which  will 
give 'a  14-mi.  (22.5-km.)  per  hr.  combination  on  one  truck  only 
in  each  unit.  This  position  is  useful  for  handling  a  light  engine, 
switching,  or  starting  up  a  long  train  of  empties.  The  other 
position  is  between  the  14  and  28  mi.  per  hr.  combination.  This 
is  for  changing  over  from  14  to  28  mi.  per  hr.  without  losing 
tractive  effort  or  causing  sudden  jolts  in  the  train  while  chang- 
ing over.  The  transition  is  made  by  first  changing  over  one 
pair  of  motors  in  each  unit  to  28  mi.  per  hr.,  and  as  soon  as  the 
rheostat  for  these  motors  has  reached  the  flush  level  position  on 
the  28-mi.  per  hr.  combination,  the  speed  handle  is  moved  to 
the  full  28-mi.  per  hr.  position,  which  will  thus  change  over  the 
remaining  pair  of  motors. 

The  accelerating  drum  has  three  operating  positions,  marked 
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"  lower,"  "  hold,"  and  "  raise."  These  terms  refer  to  the  level 
of  the  liquid  in  the  rheostat. 

In  addition  to  the  master  controller,  an  auxiliary  controller, 
Fig.  6,  is  provided,  in  which  are  located  levers  for  the  control 
of  the  pantagraph,  phase  converter,  etc.,  and  a  set  of  levers  by 
means  of  which  the  load  on  each  pair  of  motors  may  be  governed 
independently.  This  independent  control  is  provided  so  that 
any  difference  of  load  between  the  various  trucks  may  be  cor- 
rected, such  as  that  due  to  difference  in  wheel  diameter,  varia- 
tion in  electrolyte,  etc.  It  is  also  advantageous  in  the  event  of 
one  truck  slipping  its  wheels.  When  this  occurs,  the  torque  on 
this  truck  can  be  reduced  until  the  wheels  again  catch  the  rail. 
It  can  then  readily  be  brought  back  to  full  torque  without  re- 
ducing the  torque  of  the  remaining  drivers. 

When  the  rheostats  are  full  of  liquid,  the  proper  short-circuit- 
ing switches  are  closed,  short-circuiting  the  motor  secondaries. 
These  short-circuiting  switches  do  not  come  in  until  the  operating 
mechanism  is  in  the  full  "  on  "  position. 

Two  limit  switches  are  used,  one  for  each  speed  combination, 
their  function  being  similar  to  an  overload  trip,  except  that  they 
do  not  open  the  main  circuit.  Should  the  torque  exceed  a  pre- 
determined amount,  the  limit  switch  will  open  the  control  cir- 
cuit of  the  liquid  rheostat  operating  mechanism,  and  thus  lower 
the  level  of  the  electrolyte,  inserting  more  resistance  in  the 
secondary  of  the  motor.  These  limit  switches  are  especially 
useful  for  preventing  the  motors  on  the  rear  locomotive  from 
being  overloaded  when  the  train  is  being  brought  to  a  stop. 

The  cooling  tower  for  electrolyte  consists  of  a  series  of  inclined 
trays,  the  liquid  flowing  over  the  trays  while  air  is  blown  over 
the  surface  of  the  liquid  to  dissipate  heat  by  vaporization.  A 
supply  pipe  for  the  cooling  tower  is  connected  to  the  main  dr- 
culating  system  near  the  outlet  of  the  pump.  This  will  by-pass 
a  certain  amount  of  liquid  which,  after  flowing  over  the  surface 
of  the  trays,  flows  back  into  the  supply  tank. 

The  cooling  tower  operates  whenever  the  locomotive  is  in 
service;  the  rate  of  cooling  varies  according  to  the  temperature 
of  the  liquid — the  hotter  the  liquid,  the  more  effective  the  cooling 
tower  becomes. 

The  results  obtained  in  this  severe  service,  in  flexibility  of  con- 
trol, capacity  and  ability  to  withstand  extraordinary  duty,  have 
demonstrated  conclusively  the  advantage  of  this  method  of 
control. 
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Discussion  on  "  The  Liquid  Rheostat  in  Locomotive  Ser- 
vice *'    (Hall),   New   York,   February   9,    1916. 

C.  D.  Knight:  The  ordinary  industrial  liquid  rheostat,  Fig.  1, 
used  considerably  for  mine  hoisting  work,  consists  of  a  large  tank 
with  a  chamber  at  the  top  containing  the  electrodes  and  movable 
weir,  controlled  through  a  system  of  levers  by  the  hoist  operator. 
The  position  of  this  weir  determines  the  level  of  the  water. 

An  electrically  operated  pump  having  usually  a  capacity  of 
about  300  gallons  a  minute  pumps  the  electrolyte  from  the  lower 
part  of  the  tank  to  the  upper  chamber  in  a  predetermined  period, 
usually  five  to  twelve  seconds.  When  the  weir  is  brought  to  its 
lowest  position  the  upper  chamber  is  emptied,  the  electrolyte 
dropping  into  the  lower  part  of  the  tank,  where  its  temperature 
is  lowered  by  means  of  cooling  coils. 
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Mr.  Hall  has  told  us  that  his  method  of  cooling  the  electrolyte 
is  by  running  it  over  a  certain  number  of  cooling  trays.  The 
capacity  of  a  liquid  rheostat  depends  to  a  great  extent  on  the 
safe  running  temperature  at  which  the  electrolyte  can  be  main- 
tained. As  Mr.  Hall  has  shown  us  only  the  general  construction 
and  overall  dimensions  of  his  rheostat  without  any  information 
regarding  the  cooling  trays,  I  should  like  very  much  to  have 
him  give  some  further  information  with  reference  to  the  size 
and  cooling  capacity  of  the  trays;  also  some  information  regarding  ' 
the  electrical  characteristics  of  this  rheostat.  In  other  words, 
what  amperes  and  volts  can  be  carried  for  intermittent  and  con- 
tinuous duty,  as  there  are  very  few  figures  in  the  paper,  which 
would  go  to  show  the  actual  capacity  of  the  device. 

The  characteristics  of  induction  motors  require  more  or  less 
resistance  in  the  rotor  circuit  for  relatively  long  periods,  and 
considerable  energy  must  be  dissipated.     How  much  does  this 
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amount  to,  and  how  much  water  would  be  evaporated  under 
operating  conditions?  He  states  that  in  this  type  of  device  you 
can  use  as  much  water  as  you  please,  bearing  in  mind  that  there 
is  a  big  supply  of  water  for  cooling,  I  should  like  to  know  how 
he  keeps  a  constant  solution  if  he  is  continually  evaporating  the 
electrolyte  and  refilling  the  tank  with  fresh  water. 

Mr.  Hall  also  states  when  the  rheostats  are  full  of  liquid  the 
proper  switches  are  closed,  short  circuiting  the  motor  second- 
aries, and  that  these  short-circuiting  switches  do  not  come  in 
until  the  operating  mechanism  is  in  the  '*  full  on  "  po- 
sition. I  wish  to  ask  Mr.  Hall  if  he  has  any  interlocking  ar- 
rangement, which  insures  that  the  motor  secondaries  are  not 
short  circuited  during  the  accelerating  period  of  the  motor. 

R.  E.  Hellmund:  Mr.  Knight  asked  how  large  the  cooling 
tower  for  the  water  is.  As  far  as  I  remember,  each  of  the  cooling 
towers  in  which  the  water  runs  down  and  the  air  goes  up,  is 
about  fotir  to  five  feet  high,  two  to  three  feet  wide,  and  two  feet 
six  deep.  It  is  very  small  as  compared  with  anything  else  that 
could  be  done.  The  reason,  as  mentioned  in  the  paper,  is  that 
the  water  evaporates  and  heat  is  dissipated  in  that  manner. 

Regarding  the  capacity  of  the  tower,  I  might  say  that  at  times 
the  rheostat  for  one  of  the  cooling  towers  takes  care  of  800  amperes 
with  about  750  volts  to  start  with  during  accelerations  for  periods 
of  five  or  ten  minutes,  or  even  longer,  and  I  have  also  seen 
it  operate  for  periods  of  ten  or  fifteen  minutes  at  one  time; 
when  the  signals  are  against  the  train  these  loads  are  often  re- 
peated several  times  without  causing  trouble  of  any  kind.  The 
only  difference  that  can  be  noticed  under  such  severe  conditions 
is  that  some  steam  comes  out  of  the  cooling  tower  exhaust. 

As  mentioned  by  Mr.  Knight,  the  evaporation  of  the  water 
will,  as  a  matter  of  course,  change  the  solution,  but  we  find  that 
the  rheostat  is  not  at  all  sensitive  in  that  respect,  and  by  adding 
a  few  gallons  of  water  about  once  in  twenty-four  hours,  it  can 
easily  be  taken  care  of. 

Mr.  Knight  asked  if  there  was  any  interlocking  system  which 
assures  that  the  short-circuiting  switches  do  not  come  in  until 
the  water  is  at  high  level.  There  is  such  an  interlocking  system, 
consisting  of  contacts  which  are  located  at  the  top  of  the  rheo- 
stat, and  are  closed  by  the  water  when  it  gets  there.  This  in- 
sures the  reliable  operation  of  the  rheostat. 
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CHATTERING    WHEEL  SLIP    IN    ELECTRIC     MOTIVE 

POWER 

BY  G.  M.  BATON 

Abstract  of  Paper 
The  paper  shows  that  chattering  wheel  slip  is  characteristic 
of  all  types  of  electric  motive  power.  The  application  of  the 
motive  power  in  the  electric  and  steam  drives  is  compared,  and 
the  reasons  for  the  chattering  wheel  slip  and  the  means  of  meas- 
uring and  rectifying  the  same  are  given. 


WHEN  THE  steam  pressure  in  the  cylinders  of  steam  motive 
power  is  high  enough  to  start  slipping  of  drive  wheels, 
their  acceleration  is  fairly  uniform  and  rapid,  the  load  on  the 
piston  being  well  sustained  on  account  of  late  cut-off  and  stored 
steam  in  pipes,  receivers,  etc. 

In  contrast  to  this,  with  electric  motive  power,  regardless  of 
the  method  of  transmitting  the  tractive  effort  from  the  rotors 
to  the  wheels,  the  acceleration  after  slipping  starts  is  liable  to 
be  erratic,  being  dependent  upon  the  distribution  of  rotating 
masses,  and  upon  the  characteristic  of  the  coeflSdent  of  friction 
between  wheel  and  rail. 

The  fundamental  difference  between  the  nmning  gear  of  steam 
and  electric  motive  power  is  that  in  the  steam  locomotive,  the 
only  moving  part^  having  relatively  high  moment  of  inertia 
are  the  driving  wheels. 

In  an  electric  locomotive,  the  moment  of  inertia  of  the  rotors, 
especially  when  operating  through  a  gear  reduction,  may  be  as 
great  as  or  greater  than  that  of  the  driving  wheels. 

The  combined  inertia  of  connecting  rods,  cross-heads,  piston 
rods  and  pistons  is  practically  negligible  as  far  as  it  affects 
acceleration  of  driving  wheels  after  slipping  starts.  In  an  elec- 
tric locomotive,  when  slipping  occurs,  the  sequence  of  events  is 
as  follows,  regardless  of  the  type  of  drive: 

Cturent  is  applied  to  the  motor  and  the  rotor  starts  to  turn. 
Clearances  in  the  entire  transmission  mechanism  are  first  elim- 
inated.   Then,  as  the  torque  is  increased,  the  metal  of  the 
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transmission,  framing,  etc.,  is  bent  and  twisted,  or  otherwise 
deflected.  This  stressed  metal  becomes  a  storage  battery  of 
energy.  Finally  the  tractive  effort  reaches  a  value  sufficient 
to  overcome  the  existing  adhesion  at  the  rail  (coefficient  of 
friction  of  repose),  and  the  wheel  starts  to  slip.  The  instant 
relative  movement  occurs  between  wheel  and  rail,  the  coeffi- 
cient of  friction  drops  from  that  of  repose  to  that  of  relative 
motion.  There  is,  therefore,  an  opportunity  for  the  stressed 
metal  to  start  discharging  its  stored  energy,  since  part  of  the 
resisting  force  has  disappeared.  This  energy  is  expended  in 
accelerating  the  wheels  ahead  of  the  angular  position  they  oc- 
cupied relative  to  the  rotor  at  the  instant  slipping  started. 

It  is  necessary  next  to  analyze  independently  the  two  divisions 
of  the  rotating  system,  namely,  rotors  and  wheels. 

Since  the  wheels  are  being  accelerated  ahead  of  the  rotors,  the 
rotors  are  losing  their  load  and  will  tend  to  speed  up.  This  is 
true  not  only  of  motors  of  series  characteristic,  but  also  of  induc- 
tion motors  when  running  below  synchronism,  as  will  ordinarily 
be  the  case  in  traction  work  when  the  wheels  slip.  In  fact, 
the  induction  motors,  because  their  generated  counter  e.  m.  f. 
with  increased  speed  is  less  than  with  series  motors,  will  hold  up 
their  torque  better  and,  therefore,  accelerate  faster.  The  induc- 
tion motor,  in  this  particular,  more  nearly  approaches  the  steam 
locomotive,  in  which,  at  starting,  steam  is  cut  off  as  late  as  pos- 
sible in  the  stroke,  so  as  to  get  the  maximum  starting  trac- 
tive effort. 

Analyzing  next  the  other  division  o^  the  system,  the  adhesion 
at  the  rail  will  decrease  as  the  velocity  of  the  wheel  tread  rel- 
ative to  the  rail,  increases.  The  effort  being  transmitted  through 
the  transmission  system,  however,  will  decrease  very  rapidly, 
due  to  expenditure  of  stored  energy,  and  as  soon  as  this  effort, 
which  is  tending  to  accelerate  the  wheels,  becomes  less  than  the 
adhesion  at  the  rail,  which  is  tending  to  retard  the  wheels,  the 
wheels  will  evidently  start  to  slow  down. 

There  are,  then,  two  sets  of  rotating  masses  mechanically 
coupled,  the  masses  at  one  end  of  the  system  accelerating,  and 
those  at  the  other  end,  retarding.  As  soon  as  clearances  in  the 
transmission  are  taken  up,  there  is  liable  to  be  a  jolt  on  the  me- 
chanical system,  accompanied  by  a  recoil.  This  gives  the  setting 
for  chattering  action,  and  such  action  has  been  experienced  in 
practically  every  type  of  electrically-driven  rolling  stock  where 
the  motors  are  sufficiently  powerful  to  slip  the  wheels  at  high 
adhesion. 
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This  occurred  on  the  geared  freight  and  passenger  locomotives 
whose  transmission  is  shown  in  Fig.  1.  The  quill  arms  at  the 
point  marked  A  hit  against  the  wheel  spokes  at  the  point  marked 
B,  Fig.  2,  and  more  or  less  breakage  of  these  arms  occurred.  It 
was  found,  however,  that  the  arms  which  broke  had  blow-holes 
in  the  interior  of  the  castings,  and  after  these  defective  castings 
were  eliminated,  the  breakage  practically  ceased. 

In  later  locomotives  in  the  same  service  equipped  with  two 
motors  per  axle,  the  change  in  armature  inertia  eliminated  this 
striking.  Chattering  slip  still  occurred,  but  the  capacity  of  the 
quill  springs  was  sufficient  to  limit  the  amplitude  of  swing  to  a 
distance  less  than  the  existing  clearances. 

A  certain  amount  of  similar  striking  again  occurred  in  some 
switching  locomotives,  but  here  again  the  parts  were  strong 
enough  to  stand  the  service. 
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Fig.  5 — Hand-Operated  Devices  for  Recording  Chattering  Slip 


The  same  characteristic  is  occasionally  observed  in  city  and 
interurban  cars,  although  this  is  much  less  frequent  than  in 
heavy  hauling  electric  locomotives.  This  is  due  to  the  greater 
tractive  power  in  proportipn  to  the  weight  which  is  employed  in 
the  latter  type  of  motive  power. 

In  case  of  freight  locomotives  where  the  motors  are  geared 
directly  to  the  axles  the  same  phenomenon  has  been  observed. 

On  the  Norfolk  and  Western  locomotives,  chattering  slip 
occurred  in  the  running  gear  shown  in  Fig.  3.  After  the  locomo- 
tives had  been  in  service  for  some  months,  e\idences  of  failure 
were  detected  in  the  crank  pins.  The  cause  was  traced  to 
chattering  slip  by  means  of  a  rough  oscillograph,  as  shown  in 
Fig.  5.  The  brakes  were  set  on  three  trucks,  and  the  oscillograph 
frame  was  set  up  on  the  fourth  truck.  The  wheel  tread  was 
chalked.     The  oscillograph  frame  was  oscillated  about  its  sup- 
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porting  points  4,  Fig.  6,  the  amplitude  of  oscillation  being  two 
inches.  The  time  of  complete  oscillation  was  two  seconds.  The 
scribers  were  pressed  against  the  wheel 
tread.  The  wheel  treads  were  then  slipped, 
and  the  characteristic  diagram  of  the  chat- 
tering slip  was  obtained,  as  shown  in  Fig.  6.  I 
The  analysis  in  the  figure  is  self-explana-  | 
tory.  By  means  of  this  diagram,  it  was  I 
possible  to  figure  approximately  the  forces  '^ 
necessary  to  produce  the  acceleration  and 
retardation  which  occurred,  and  the  re- 
sultant stresses  in  the  rods,  pins,  etc.,  were  ^ 


calculated. 


II 


Fig.  7 


ll 


^PUOMS*^ 


To  check  the  oscillograph  figtires,  ex- 
tensometers  were  arranged,  as  shown  in 
Fig.  7,  by  means  of  which  the  connecting 
rods  indicated  their  own  stresses.  The 
extension  and  compression  of  the  rods 
were  recorded  by  means  of  the  compression 
of  blocks  of  lead.  This  is  evident  from  a 
little  study  of  the  figure. 

The  two  methods  checked  within  a  very 
few  per  cent.  On  the  basis  of  the  results, 
new  rods,  pins,  etc.,  were  applied  on  the 
locomotives.  These  have  proved  adequate 
for  the  service. 

This  chattering  slip  was  more  evident  on 
the  Norfolk  and  Western  locomotives  than  could  havQ  been  antici- 
pated, since  this  was  the  first  time  electric  haulage  h^d  bew 
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applied  in  service  where  such  extremely  high  tractive  efforts 
were  required. 

The  phenomenon  had  never  been  observed  on  the  lecomotivea 
with  transmission  as  shown  in  Fig.  4.  After  it  was  experienced 
on  the  Norfolk  and  Western,  however,  permission  was  secured 
to  make  a  test  on  the  locomotives  shown  in  Fig.  4.  The  wheels 
were  slipped  several  times  in  succession  in  the  same  spot  on  the 
rails,  and  on  the  third  slip,  chattering  occurred. 

In  all  heavy  hauling  electric  motive  power,  this  problem  must 
be  considered,  with  every  type  of  drive.  The  great  number  of 
variables  entering  and  the  wide  fluctuation  of  certain  of  these 
variables  render  broad  experience  necessary  in  securing  a  success- 
ful solution  of  the  problem.  This  has  been  gone  into  deeply  and 
quantitatively  by  the  writer  and  his  associates,  together  with 
engineers  of  the  locomotive  works,  with  elaborate  special  testing 
apparatus,  but  it  has  been  considered  necessary  to  eliminate  all 
quantitative  values  from  this  brief  paper. 


JMj  chattering   wheel  slip  [Feb.  9 

iJis^r  hsioN  ON  "  Chattering  Wheel  Slip  in  Electric  Motive 
Power  "  (Eaton),  New  York,  February  9,  1916. 

*  S.  T.  Dodd:  It  occurs  to  me  that  chatterin<^  wheel  slip  is 
exa<^  lly  the  same  phenomenon  which  has  been  reported  on  a 
i^/xA  many  European  side-rod  locomotives.  Of  course,  the 
Eurojxran  desi^mers  have  had  more  experience  than  we  have  had 
in  desi^^nin^  various  types  of  side-rod  locomotives,  and  there  have 
been  rejx^rted  in  the  foreipi  technical  press  several  failures  of 
this  type  of  locomotive.  I  have  in  mind  principally  a  couple 
of  rejx>»rts  in  German  papers  in  reizard  to  the  Loetchberg  loco- 
moti\'es.  These  locomotives,  as  you  will  remember,  have  char- 
acteristics which  would  increase  the  possibility  of  such  a  thing 
occurring.  They  have  two  ver\'  large  motors  of  about  13CX)  h.p. 
each,  geared  to  jack  shafts  the  jack  shafts  tied  together  by  Scotch 
yokes,  which  in  turn  are  ccjnnected  to  the  dri\'ing  axles  by  side 
rods.  In  the  jiapers  I  have  in  mind,  they  descril>e  the  disturb- 
ance in  these  k»comotives,  as  a  "  shuddering  *'  motion  occurring 
at  speeds  of  2U  to  25  miles  an  hour.  This  is  so  intense  as  to 
break  the  cranks  and  the  Scotch  yokes,  sometimes  by  tearing 
them  apart  by  tension,  and  sometimes  crushing  them  by  com- 
pression. The  papers  I  have  made  reference  to  discuss  mathe- 
m.atically  the  motions  and  the  stresses  which  occur  in  such  a 
frame  wc)rk  as  that,  showing  that  these  forces  are  proably  due 
to  the  buildini:  up  of  mechanical  resonance  between  the  springing 
of  the  driving  rod  on  one  side,  and  the  inertia  of  the  very  heavy 
anr.atures  on  the  other. 

As  far  as  I  can  scc.  that  is  what  Mr.  Eaton  describes  in  his 
paper,  in  clear  physical  language,  where  the  Gennan  writers 
describe  it  mathematical]}-.  The  cure  which  the  mathematical 
analysi.^  wanted  out  was  the  introduction  oi  springs  of  consider- 
able amplitude  of  n:!«»ti<'m  as  com^>ared  with  the  amount  of  dis- 
placement yrai  wr>uld  ordinarily  get  in  the  side  rods.  By 
inserting  s]>nni:s  Vil:ose  am]t]itude  (A  nioti'~)n  couaI  be  measured 
in  inches  rather  than  m  thousandths  of  an  inch,  they  expected 
to  eradicate  these  troubles.  For  the  Loetchburg  locomotives, 
spring  gears  were  ordered  sometime  before  the  European  war, 
but  I  ha\"e  never  heard  that  tliey  were  installed,  or  the  results  if 
they  were  installed. 

The  question  which  occurs  to  me  is  whether  Mr.  Eaton's 
chattering  wheel  slip  is  n<:'t  another  ]^hase  of  exactly  the  same 
phenomena  which  appeared  r>n  tl:e  Loctcliburg  road  and  on 
many  of  the  European  locomoti\-es.  and  whether  a  cure  for  it 
would  not  be  found  in  exactly  the  same  thing  which  was  found 
as  a  cure  for  the  Euro])ean  locomotives,  that  is.  the  introduction 
of  a  certain  amount  of  s]'ring.  with  a  certain  amplitude  of  mo- 
tion and,  with  a  dead  beat  action  which  would  damp  out  these 
oscillations  before  they  could  build  up  to  any  considerable  extent. 

W.  I.  Slichter:  About  ten  years  ago  I  was  called  on  to  make 
some  calculations  as  to  the  eriect  of  the  pulsating  torque  of  single- 
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phase  motors  on  the  gears  and  transmission  between  the  motors 
and  wheels,  and  when  I  got  my  equation  of  friction,  inertia 
and  mass  and  elasticity  of  the  material,  I  found  I  had  an  equation 
like  that  of  a  single-phase  circuit,  with  resistance,  inductance 
capacitance,  and  as  soon  as  I  had  the  equation  I  saw  the  solu- 
tion— change  the  inductance  or  capacitance  so  you  no  longer 
have  resonance,  and  the  chattering  would  disappear. 

Charles  F.  Scott:  About  six  months  ago  Mr.  Eaton  was  called 
down  to  the  West  Virginia  mountains  by  telegraph  to  diagnose 
this  difficulty  described  in  the  paper.  He  found  that  the  wheels 
were  slipping.  His  problem  was  to  find  out  why  they  were 
slipping,  and  what  to  do  to  prevent  it. 

He  had  at  hand  for  his  investigation  of  this  oscillation  all  the 
refinements  of  the  railway  repair  shop  for  supplying  his  physical 
apparatus,  and  his  own  initiative  and  ingenuity  for  devising 
the  means  of  proceeding  with  the  facilities  at  hand.  The  oscil- 
lations were  scratched  on  a  long  strip  of  iron  about  1/32  of  an 
inch  thick,  and  three  or  four  inches  wide,  attached  to  the  cir- 
cimiference  of  the  driver.  A  sharp  point  was  drawn  across 
when  the  wheel  began  to  slip.  He  had  to  try  a  good  many 
times  to  get  a  record,  and  his  actual  record  was  a  little  scratch 
line  on  the  rough  piece  of  iron.  Then  taking  that  little  wavy 
line,  drawing  tangents  to  it,  getting  the  change  in  the  rate  of 
acceleration  at  different  times  and  taking  the  moment  of  inertia 
of  the  wheel,  he  calculated  the  forces  required  for  producing  the 
recorded  acceleration.  Apparently,  it  was  a  very  coarse,  crude 
method. 

Looking  at  that  connecting  rod,  you  would  think  if  anything 
was  solid  and  would  stay  together,  it  would  be  that  great  big 
steel  rod.  It  is  apparently  quite  a  number  of  inches  wide  and 
several  inches  thick.  He  wanted  to  find  out  how  much  the  rod 
was  being  stretched,  and  what  was  the  variation  in  length  of  the 
rod  during  the  slipping.  That  kind  of  measurement  would 
ordinarily  require  microscopes,  and  other  apparatus  which  a 
well  equipped  physical  laboratory  would  afford.  He  proceeded 
to  the  repair  shop  and  got  a  strip  of  iron  and  riveted  it  to  the 
rod  at  one  end — and  attached  it  by  a  piece  of  lead  at  the  other  end. 
After  this  rod  had  gone  through  its  vibration,  he  finds  that  the 
lead  has  changed  a  little  in  size,  showing  the  amount  of  change  of 
length  between  the  great  big  side  rod  and  the  little  constant 
length  rod  attached  to  it.  Then  from  this  elementary,  simple 
method  of  measurement,  he  finds  a  very  close  agreement  with 
the  measurements  made  with  scriber  on  the  circumference  of  the 
driver. 

W.  L.  Merrill:  This  same  phenomenon  has  been  known  and 
has  given  trouble  for  years  in  ordinary  metal  cutting,  that  is, 
I  refer  to  lathes,  principally.  Now,  undoubtedly  the  tires  of  the 
locomotives  we  have  been  discussing  here  had  the  same  trouble 
develop  when  they  were  being  turned  up,  if  too  hard  a  cut  was 
taken.  The  matter  is  not  serious,  except  in  some  kinds  of  drive. 
For  example,  a  punching  press  which  is  foot  operated;  that  is, 
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a  fty-y.Yitel  is  running  all  the  time  and  the  clutch  thrown  by  a 
If.  er,  if  the  press  is  driven  by  an  indi\-idual  motor,  and  this 
motor  is  controlled  by  an  automatic  starter,  which  depends  on 
current  flo'a'ing  through  some  part  of  the  mechanism  for  holding 
Yi^/tr.e  the  controller  or  the  starter  in  the  full-on  position.  If  we 
have  a  hea\'>'  cut  to  make  with  this  press,  upon  the  releasing  of 
the  load  as  the  die  travels  through  the  stock,  the  twist  or  what- 
e-/er  3.'ou  gentlemen  choose  to  call  it.  that  is  put  in  the  gearing 
mechanism  at  the  time  the  fly-wheel  is  gi^'ing  up  its  energy  is 
immediately  reversed  the  other  way.  and  the  current  reverses 
through  the  motor,  the  motor  shuts  down  and  the  machine  stops. 
That  is  a  simple  matter  and  can  be  taken  care  of  by  putting  on  a 
type  of  starter  which  depends  on  voltage  instead  of  current  for 
holding  it  in  position. 

The  sam.e  thing  occurs  on  lathes,  when  driven  through  the  back 
gear,  and  several  sets  of  trearing  between  the  point  of  apphca- 
tion  of  power  which  may  be  a  belt,  if  too  hea\'^-  cuts  are  taken  or 
the  angle  of  the  tool  is  ground  improperly. 

I  mention  that  as  bein::  exactly  the  same  thine  as  what  we  are 
discussing  in  the  slicoare  of  the  wheels 

G.  M/Eaton:  Referring  :o  Mr.  Dc 
point  of  inherent  dinerence  b'etween  the  chattering  which  occurs 
at  the  tinte  that  the  wheels  are  slii-^ing.  and  the  "shuddering" 
which  Mr.  Dc-dd  refers  to  as  ha\ing  c*ccured  in  various  rod- 
connected  European  l':«corr.otives.  This  ** shuddering"  is  a  true 
s>-nchronous  acti:n  CK?curring  at  a  cer.r^in  critical  s:j»eed,  and  at 
higher  rr.tilti^iles  c:  this  critical  steed.  When  this  ** shuddering" 
takes  ^lace  on  a  given  Ic-ccntotive  and  at  a  given  sreed.  it  is  of 
a  practically  unnomt  frequency.  Contrasted  with  this,  the 
chattering  occurring  when  the  wheels  slip,  ntay  r^e  over  a  sur- 
prisingly -K-ice  range  of  frequency.  The  v^-rlter  has  obser\-ed 
it,  at  a  frequency  z-er  secczid  cf  3|.  about  4.  about  5.  a'>?ut  6. 
and  u;:  to  as  high  as  33  .  en  a  given  lc»c:n:o::ve  under  c^^nditions 
where  the  only  cbser/able  cinerence  was  a  prcharle  variation 
in  cc-enicient-  of  :rlcti:n  I'etween  the  drive  wheels  and  the  rail. 

This  erratic  action  can  be  e.xclained  only  hy  the  ^.resence  of 
at  least  one  very  vricely  var.-ing  :uncti:n.  and  this  condition 
is  met  by  the  characteristics  of  friction  b-etween  the  rail  and  the 
drive  wheel. 

The  illustration  brought  out  by  Mr.  Merrill  nts  very  muph 
better.  In  a  lathe,  the  action  cf  the  tc-:l  in  producing  the  chip 
may  cause  alternate  srr.>:th  ranrung  and  breaking  oi  the  chip, 
and  thas  -s-ill  ^ro'.-ide  the  necessar.-  setting  for  trc-duction  of 
vibraticn.  There  are  two  or  three  other  actions  which  may 
occur  and  give  the  necessar/  conditions.  Cuts  of  various  depths 
\\-ill  alter  the  frequency. 

Chattering  wheel  slip  has  occurred  in  various  locomotives 
where  true  resonance  at  high-speed  ranning  has  never  occurred. 
thus  showing  conclusively  that  the  setting  is  dinerent  for  the 
production  of  erratic  chattering  slip,  and  true  resonance. 


P€S€nUd  at  the  fourth  Midwinter  Cotneniion  of 
th€  Awurican  Institute  of  Electrical  Engineers, 
New  York,  February  9.  1916. 

Copyright  1916.     By  A.  I.  B.  B. 


A  METHOD  OF  DETERMINING  THE  CORRECTNESS 
OF  POLYPHASE  WATTMETER  CONNECTIONS 


BY  W.  B.  KOUWENHOVEN 


Abstract  of  Paper 
The  object  of  this  paper  is  to  describe  a  method  of  checking 
the  correctness  of  the  connections  of  a  polyphase  watt-hour 
meter  on  a  three-phase  circuit;  and  to  show  that  the  methods 
most  commonly  used  for  this  purpose  are  unreliable.  Polyphase 
wattmeters  are  classified  according  to  the  number  of  their  volt- 
age terminals  and  expressions  giving  the  amount  of  energy 
theoretically  registered  by  the  meter  are  derived  for  all  possible 
arrangements  of  the  connections  for  each  class.  The  correctness 
of  these  expressions  was  checked  experimentally.  The  expres- 
sions are  given  in  the  form  of  tables.  A  study  of  these  tables 
reveals  the  fact  that  the  methods  of  checking  the  connections 
in  most  common  use  are  unreliable.  A  method  is  developed 
which  may  be  relied  upon  to  check  the  correctness  of  the  meter 
connections  on  a  balanced  three-phase  circuit  at  any  power 
factor.  Rules  are  worked  out  from  this  method,  that  make  the 
rectification  of  incorrect  connections  simple.  In  addition  to 
this,  another  method  is  described  which  may  be  used  on  balanced 
or  unbalanced  three-phase  circuits  at  any  powei  factor,  provided 
the  opening  of  one  phase  at  a  time  is  permissible. 


THIS  PAPER  describes  a  method  for  ascertaining   the   cor- 
rectness of  the  connections  of  a  polyphase  wattmeter  on 
a  three-phase  circuit. 

The  accurate  measurement  of  electric  power  is  very  important, 
and  on  three-phase  circuits  polyphase  wattmeters  have  come 
into  general  use  for  this  purpose.  The  liability  of  making  mis- 
takes in  the  connections  when  installing  these  meters  is  well 
known  and  several  methods  of  checking  the  connections  are  in 
use.  Articles  on  this  subject  have  appeared  in  the  Electric 
Journal*  and  in  other  publications,  and  the  National  Electric 
Light  Association  devotes  several  pages  of  its  handbook  to  a 
description  of  methods  for  checking  the  connections.  A  canvass 
of  some  thirty  power  companies  throughout  the  country  brought 
out  the  fact  that  almost  the  only  method  of  checking  the  con- 
nections in  actual  use  is  that  of  opening  the  voltage  or  current 
supply  of  each  element  of  the  meter  in  turn  and  noting  the  direc- 

*  Sec  Bibliography  at  end  of  paper. 
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tion  of  rotation.  This  should  be  in  the  right  direction  if  the 
power  factor  is  above  0.6.  However,  not  only  is  the  above 
check  unreliable,  but  also  none  of  the  other  simple  checks  in 
use  may  be  completely  relied  upon  in  identifying  the  correctness 
of  the  connections.  It  is  possible  for  the  meter  to  satisfy  these 
checks  and  still  be  incorrectly  connected.  For  this  reason  the 
writer  undertook  the  study  of  the  connections  of  a  polyphase 
wattmeter. 

A  study  of  all  the  possible  arrangements  of  the  connections 
was  made,  and  the  direction  and  rate  of  rotation  of  the  disk 
was  determined  theoretically  for  each  arrangement.  The 
theoretical  results  were  also  checked  experimentally.  A  simple 
method  of  checking  the  correctness  of  the  connections  of  a  poly- 
phase meter  on  a  three-phase  balanced  circuit  at  any  power 
factor  was  developed  from  the  results.^  The  assumption  of  a 
balanced  load  is  justified  by  the  fact  that  every  customer  re- 
quiring a  polyphase  wattmeter  has  at  least  one  three-phase 
motor.  Although  the  discussion  is  confined  to  watt-hour  meters, 
the  results  apply  equally  well  to  other  similar  meters. 

The  Investigation 

It  is  a  well-known  fact  that  a  polyphase  watt-hotu*  meter 
consists  of  two  separate  single-phase  elements  acting  upon  a 
common  shaft.  Each  element  is  provided  with  separate  current 
and  usually  separate  voltage  terminals,  and  for  the  purpose  of 
this  investigation  the  meters  are  classified  according  to  the 
number  of  voltage  terminals  provided. 

Class  A  contains  those  meters  which  have  two  voltage  ter- 
minals for  each  voltage  coil,  or  four  voltage  terminals  in  all. 
Meters  of  this  class  may  be  used  with  or  without  voltage  trans- 
formers. 

Class  B  contains  those  meters  which  have  but  three  voltage 
terminals.  On  these  meters  the  ends  of  the  voltage  coils  that 
are  at  the  same  potential  are  connected  together  and  brought 
out  to  a  common  terminal.  This  class  of  meters  may  also  be 
used  with  or  without  voltage  transformers. 

Often  in  practise,  especially  when  potential  transformers  are 
used,  the  two  voltage  terminals  of  a  Class  A  meter  that  are  at 
the  same  potential  are  connected  together.     In  such  cases  meters 

1.  After  the  completion  of  the  paper  the  writer  learned  that  the 
method  developed  is  not  new.  However,  no  mention  of  it  was  found  in 
technical  publications. 
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with  four  voltage  terminals  belong  to  the  Class  B  type  of  instru- 
ments. 

Class  C  contains  those  meters  which  have  but  one  voltage 
terminal.  This  terminal  is  the  common  terminal  referred  to  in 
Class  B.  In  Class  C  meters,  the  other  end  of  each  voltage  coil 
is  connected  to  one  end  of  the  corresponding  current  coil  and 
brought  out  to  a  single  terminal.  Meters  belonging  to  this 
class  are  seldom  used  with  either  voltage  or  current  transformers 
and  are  usually  of  the  house  type. 

The  number  of  possible  arrangements  of  the  connections  is 
different  for  each  class  and  therefore  each  class  was  considered 
separately.  The  niunber  of  different  arrangements  of  the 
voltage  connections  is  given  by  the  expression 

y  =  A 

where  x  is  the  number  of  voltage  terminals  of  the  meter  and  y  the 
number  of  different  arrangements  of  the  connections  to  these 
terminals  possible.  For  each  arrangement  of  the  voltage  ter- 
minals, there  are  sixteen  arrangements  or  combinations  that  may 
be  formed  by  the  current  connections  and  by  the  opening  of  the 
voltage  leads.     These  are  as  follows: 

(a)  Phase  I  and  phase  II  connected  correctly 

(b)  Phase  I  reversed,  phase  II  correct 

(c)  Phase  I  correct,  phase  II  reversed 

(d)  Phase  I  and  phase  II  reversed 

(e)  Phase  I  and  phase  II  correct,  voltage  lead  1  open 

(f )  Phase  I  and  phase  II  correct,  voltage  lead  2  open 

(g)  Phase  I  and  phase  II  correct,  voltage  lead  3  open 

(h)  Phase  I  reversed,  phase  II  correct,  voltage  lead  1  open 
(i)  Phase  I  reversed,  phase  II  correct,  voltage  lead  2  open 
(j)  Phase  I  reversed,  phase  II  correct,  voltage  lead  3  open 
(k)  Phase  I  correct,  phase  II  reversed,  voltage  lead  1  open 
(1)  Phase  I  correct,  phase  II  reversed,  voltage  lead  2  open 
(m)  Phase  I  correct,  phase  II  reversed,  voltage  lead  3  open 
(n)  Phase  I  and  phase  II  reversed,  voltage  lead  1  ope  n 
(o)  Phase  I  and  phase  II  reversed  voltage  lead  2  open 
(p)  Phase  I  and  phase  II  reversed,  voltage  lead  3  open 

The  presence  or  absence  of  current  transformers  does  not  in 
any  way  affect  the  number  of  arrangements  of  connections. 
However,  this  is  not  true  of  voltage  transformers;  and  where 
their  presence  introduces  additional  arrangements  of  connec- 
tions, their  action  was  studied. 

Class  A  Meters 
The  correct  connections  of  the  Class  A  type  of  polyphase  meter 
when  used  without  voltage  transformers  is  shown  in  Fig.   1. 


186 


KOVWENHOVEN:  POLYPHASE  WATTMETER     (Feb.  9 


Phases  I  and  II  of  the  three-phase  line  contain  the  current  trans- 
formers which  supply  current  to  the  current  coils  I  and  II  of  the 
meter,  respectively. 

(In  all  of  the  figures  used  in  this  paper,  the  current  coils  are 
placed  horizontally  and  numbered  with  the  Roman  numerals 
I  and  II.  The  voltage  coils  are  placed  at  right  angles  to  the 
current  coils,  and  their  terminals  are  niunbered  according  to  the 
three-phase  line  to  which  they  are  connected.) 

The  number  of  possible  arrangements  of  the  voltage  connec- 
tions to  the  four  meter  terminals  are  in  this  case  given  by  the 
expression 

y  = 


II 


uL  ul  4.  4. 

X  X  T^  T^ 
"^  '^  "+  "+ 

ttJl^    liJlv*    sJlv   8^ 

X  T  X  X 


Fig.  1 


10        n        12 
Fig.  2 


as  two  of  the  voltage  terminals  are  connected  to  the  same  phase. 
Substituting  the  value  of  x  we  find  that  there  are  12  possible 
arrangements  of  the  connections.  These  are  shown  diagrammati- 
cally  in  Fig.  2. 

There  are  also  24  additional  arrangements  of  the  voltage  con- 
nections possible.  Twelve  of  th^se  are  formed  by  connecting 
two  of  the  meter  terminals  to  phase  1,  one  terminal  to  phase  2, 
and  one  to  phase  3;  the  other  twelve  are  formed  by  connecting 
two  meter  terminals  to  phase  2,  and  to  phase  1,  and  one  to  phase 
3.  All  of  these  arrangements  are  incorrect.  They  are  treated 
in  Tables  VIII  and  IX. 


19161        KOUWENHOVEN:  POLYPHASE  WATTMETER  187 

The  first  eight  of  these  arrangements,  Fig.  2,  illustrate  not 
only  the  correct  connections,  but  also  mistakes  that  are  more  or 
less  commonly  made.  Wrong  connections  as  illustrated  by  the 
last  four  arrangements  of  connections  are  practically  impossible 
except  in  meters  where  the  terminals  belonging  to  each  element 
are  not  readily  identified.  Such  connections  are  just  as  improb- 
able as  the  connections  of  the  leads  of  a  current  transformer  to 
the  terminals  of  the  different  current  coils.  They  have  been 
included  in  this  investigation  only  for  the  sake  of  completeness, 
and  to  prove  that  mistakes  of  this  character  may  be  eliminated  by 
the  method  that  will  be  outlined  for  the  checking  of  coimections. 

As  each  arrangement  of  voltage  connections  has  16  possible 
arrangements  or  combinations  of  the  connections  of  the  current 
coils,  and  opening  the  voltage  leads,  we  have  a  total  of  192 
theoretically  different  possible  connections  for  this  class  of  meter 
when  used  without  voltage  transformers. 

Calculation  of  the  Theoretical  Expressions 
In  order  to  study  the  effect  of  any  one  of  the  192  connections 
upon  the  operation  of  the  meter  it  was  necessary  to  derive  the 
theoretical  expression  for  each  case,  from  which  the  rate  of  rota- 
tion of  the  disk  could  be  calculated  for  any  load.  The  following 
examples  serve  to  illustrate  the  method  followed  and  the  mean- 
ing of  the  expressions  found. 

Let  P  =  the  reading  of  the  polyphase  watt-hour  meter. 
E  =  the  line  voltage 

£i,  £j,  Es,  lu  1%  and  /a,  represent  the  phase  voltages  and 
currents  respectively. 

*i,  *j  and  *»  represent  the  phase  angles  respectively.  For  the 
purpose  of  calculations  we  shall  asstmie  a  balanced  load  with 
lagging  power  factor,  and  that  the  sys- 
tem is  star-connected.     Then  we  have 

£i  =  £j,  =  £3, 
£1,8  =  £2,8  =  £i,«  =  £ 

h  =  /».  =  /..  =  / 

and  ^1  =  ^2,  =  ^81  =  ^ 

The  power  of  the  circuit  is  given  by 
the  expression  (+  V3  cos  *)  /  £. 

Calculation  of  the  Value  of  P  for  the  Case  1  (a) ; 

Phase  I  and  II  Correct, 

The  meter  is  connected  as  in  Fig.  1  and  the  vector  diagram  of 
the  circuit  is  shown  in  Fig.  3. 
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Now, 

P  =  /i  £i,s  cos  (3  0  -  <l>)  +  /i  £2.3  cos  (30  +  *) 

=  /  £  ("~2"  cos  *  +  Y  sin  *j 

+  I  E  ( -ft-  cos  *  —   2  ^^^  *) 

We  find  that  P  =  (+  V3  cos  ^)  I  E 

The  value  of  P  equals  the  actual  power  of  the  circuit  and  there- 
fore the  connections,  case  1  (a),  are  correct  and  the  meter  registers 
correctly  the  power  consumed.  It  must  be  kept  in  mind  that 
the  use  of  the  term  correct  applies  to  the  connections  only  and 
not  to  the  calibration  of  the  instrument. 

Case  1  (b)  Phase  I  Reversed,  Phase  II  Correct. 

We  have  now  for  P  the  exp;"ession 

P  =  -  /i  Euz  cos  (30  -*)  +  /»  £2,3  cos  (30  +  *) 
P  =  (-  sin  <!>)  /  £ 

The  meter  does  not  register  correctly  and  will  run  in  the  wrong 
direction  with  lagging  currents.  At  unity  power  factor  it  will 
not  run.     The  connections  are  therefore  incorrect. 

Case  1  (c)  Phase  I  Correct,  Phase  II  Reversed, 

WefindthatP  =  (+  sin<l>)  IE 

The  meter  will  run  in  the  right  direction  but  not  at  the  correct 
speed.  The  connections  are  therefore  incorrect.  At  unity 
power  factor  the  meter  will  not  register. 

Case  1  (d)  Phase  I  and  Phase  II  Reversed. 

We  find    P  ==  (-  \/3  cos  *)  /  £ 

The  meter  runs  in  the  wrong  direction  and  therefore  the  con- 
nections are  at  fault. 

Case  1  (e)  Phase  I  and  Phase  II  Correct,  Voltage  Lead  1  Open. 
For  this  we  get 

P  =  i  +  —^  cos  <!>  -  -i-  sin  *  j  /  £ 

The  direction  of  rotation  will  change  from  right  to  wrong  when 
the  power  factor  changes  from  values  above  0.5  to  values  below 
0.5.     The  connections  are  incorrect. 
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Case  1  (f) 
P  becomes 


Phase  I  and  Phase  II  Correct,  Voltage  Lead  2  Open. 
V3 


-(■ 


cos  *  + 


i  sin  <!>) 


IE 


The  meter  runs  in  the  right  direction,  but  does  not  register 
correctly. 

Case  1  (g)     Phase  I  and  Phase  II  Correct,  Voltage  Lead  3  Open, 

For  this  case  the  value  of  P  is  indefinite.  It  may  have  the 
same  value  as  1  (e)  or  1  (f)  depending  upon  which  of  the  leads 
3  is  open;  or  it  may  equal' zero  if  both  of  them  are  open  simulta- 
neously. Therefore  this  case  does  not  exist  as  a  special  case  for 
this  type  of  meter. 

The  above  examples  of  the  derivation  of  the  theoretical  expres- 
sions for  P,  with  the  addition  of  cases  2  (d),  6  (a)  and  9  (a),  will 
serve  fully  to  illustrate  the  method  of  derivation. 

Case  2  (d)  Phase  I  and  Phase  II  Reversed. 

We  find  that 


P  =  -  IiEz^i  cos  {tt-  (30 
p  =  (+  V3  cos4>)  IE 


*)}  -  /2£3.2Cos{7r-  (30 +<!>)} 


The  meter  will  run  in  the  right  direction  and  register  correctly 
the  power,  therefore  the  connections  of  case  2  (d)  are  correct. 

Case  6  (a)  Phase  I  and  Phase  II  correct. 

The  vector  diagram  for  this  arrangement  of  connections  is 
given  in  Fig.  4. 

P  =  h  £3,2  cos  (90  +  4>)  +  /o  £a.i  cos  (90  -  *) 
P  =  0 


The  meter  will  not  rotate  and  the 
connections  are  incorrect. 

Case  9  (a)  Phase  I  and  Phase  II 
Correct. 


P  =  Ii  Eu2  cos  (30  +  <l>)  +  0 


-( 


+ 


V3 


cos  *  —  TT  sin  *  I  /  £ 


Fig.  4 


The  theoretical  value  of  P  for  each  one  of  the  cases  is  given  in 
Table  II.  The  expressions  are  given  in  brackets  and  in  every 
case  the  common  term    /  E  has  been  omitted  from  the  table. 
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Due  to  the  fact  that  cases  (g),  (j),  (m)  and  (p)  are  considered  as 
non-existent,  we  have  only  144  different  cases  or  arrangements 
of  connections  for  class  A  meters. 

Experimental  Verification  of  the  Formulas 
The  correctness  of  the  formtdas  was  checked  experimentally. 
The  connections  of  a  polyphase  watt-hour  meter  were  arranged 
in  all  of  the  possible  combinations,  and  for  each  arrangement 
or  case,  the  time  of  one  revolution  was  determined  at  several 
different  loads  and  power  factors.  The  theoretical  time  was 
calculated  from  the  derived  expression  for  the  given  case,  and 
the  measured  and  theoretical  results  were  compared. 

The  load  consisted  of  a  three-phase  synchronous  converter. 
The  power  factor  was  varied  by  changing  the  field  excitation 
and  was  determined  from  ammeter,  voltmeter  and  wattmeter 
readings  and  was  also  checked  by  means  of  a  polyphase  power 
factor  meter.  Due  to  changes  in  the  line  voltage  and  to  other 
factors  the  load  could  not  be  maintained  exactly  constant,  and 
an  exact  check  between  measured  and  calculated  results  was 
therefore  not  always  possible. 

As  the  time  of  one  revolution  is  inversely  proportional  to  the 
load,  we  have  the  relation 

Time  of  one  revolution.  Case _  Expression  for  Case  1  (a) 

Time  of  one  revolution,  Case  1  (a)  ""Expression  for  Case 

For  each  load  and  power  factor,  the  time  of  one  revolution  in 
seconds  was  measured  with  the  meter  connected  correctly.  This 
time  was  called  the  reference  time  and  was  frequently  checked. 
As  soon  as  the  reference  time  was  found,  the  connections  were 
changed  to  those  of  the  case  under  consideration  and  the  time 
of  one  revolution  at  the  given  load  and  power  factor  measured. 
The  theoretical  time  for  the  given  case  was  then  calculated 
from  the  above  relation  and  compared  with  the  measured  time. 
In  Table  I  are  to  be  foimd  the  results  of  the  tests  made  for 
cases  1  (a)  to  1  (k)  for  three  different  loads  at  different  values 
of  the  power  factor,  which  was  in  all  cases  lagging. 

As  has  already  been  stated,  Table  II  contains  the  expressions 
found  for  P  for  each  of  the  144  cases.  These  expressions  were 
calculated  under  the  assumption  that  the  current  was  lagging. 
However,  in  order  to  adapt  the  expressions  for  use  in  instances 
where  the  current  is  leading,  all  that  is  necessary  is  to  multiply 
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the  sine  terms  by  (—  1).  The  table  also  gives  the  direction  of 
rotation  of  the  disk  for  four  different  values  of  lagging  power 
factor  with  each  arrangement  of  connections.  By  the  use  of  the 
table  it  is  also  possible  in  cases  where  incorrect  or  open  connec- 
tions are  found,  to  determine  from  the  meter  readings,  when  the 
conditions  of  the  circuit  are  known,  the  actual  kilowatt-hours 
that  have  been  used. 

Checking  the  Connections 
From  Table  II  we  see  that  there  are  64  cases  or  arrangements 
of  connections  where  the  meter  will  run  in  the  right  direction 
at  some  value  of  the  power  factor  between  unity  and  zero  lagging. 
Forty  of  these  64  occur  on  open  circuits  and  24  when  all  circuits 
are  intact.  As  all  meters  and  instnmient  transformers  are 
tested  for  open  circuits  before  they  are  installed,  these  24  cases 
are  the  important  ones.  We  must  therefore  consider  the  problem 
of  ascertaining  some  simple  means  for  the  identification  of  the 
correct  connections  among  the  2!4  arrangements.  We  also 
learn  from  the  table  that  there  are  four  arrangements  of  con- 
nections which  give  correctly  the  power  passing  through  the 
meter.     These  four  correct  arrangements  of  connections  are 

1  (a),  2  (d).  3  (b)  and  4  (c). 

One  of  the  most  common  methods  in  use  for  checking  the  cor- 
rectness of  the  connections  has  been  to  open  the  current  or 
voltage  supply  of  first  one  element  and  then  the  other,  noting 
the  direction  of  rotation  in  each  case.  For  power  factors  above 
0.5  this  should  give  rotation  in  the  right  direction  for  either  ele- 
ment, and  for  below  that  value,  in  the  right  direction  for  one 
element  and  in  the  wrong  direction  for  the  other.  A  study  of 
Table  II  shows  that  this  is  true  for  the  four  correct  cases  1  (a), 

2  (d),  3  (b)  and  4  (c),  and  that  at  unity  power  factor  it  serves 
to  eliminate  all  incorrect  connections.  Further  study,  however, 
shows  that  for  power  factors  above  0.5  and  below  unity  there  are 
four  other  cases,  5  (c),  6  (b),  7  (d)  and  8  (a),  which  also  give 
continued  rotation  in  the  right  direction  when  the  voltage  supply 
to  either  element  is  opened,  and  also  that  at  0.5  power  factor  there 
are  four  incorrect  connections,  namely,  1  (c),  2  (b),  3  (d)  and 
4  (c),  which  give  the  same  indications  when  the  voltage  supply 
is  opened,  as  the  correct  connections.  We  also  find  that  the  test 
may  be  relied  upon  for  power  factor  below  0.5.  A  knowledge 
of  the  power  factor  is  essential  for  its  application. 
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New  Method  op  Checking  Connections 
The  method  that  the  writer  proposes  for  the  checking  of  the 
correctness  of  the  connections,  is  the  interchange  of  voltage  leads 

1  and  2.  Then  if  the  original  connections  were  correct,  the  rota- 
tion of  the  meter  disk  will  cease  at  any  value  of  the  power  factor 
(leading  or  lagging)  on  a  balanced  circuit.^  If  the  original  connec- 
tions were  not  correct,  rotation  in  one  direction  or  the  other  will 
take  place  after  the  interchange  has  been  made.  The  proof  of 
this  is  as  follows: 

Unity  Power  Factor.  At  unity  power  factor  we  find  that  for 
12  cases  the  meter  will  run  in  the  right  direction  with  all  the 
circuits  intact.  These  are  as  follows:  1  (a),  2^d),  3  (b),  4  (c), 
9  (a),  9  (c),  10  (b),  10  (d),  11  (a),  11  (b),  12  (c)  and  12  (d). 

The  effect  of  the  interchange  of  voltage  leads  1  and  2  is  given 
in  Table  III.  Table  III  and  also  Tables  IV,  V,  VI  and  VII  are 
derived  from  the  values  given  in  Table  II.  We  note  in  Table  III, 
that  when  the  voltage  leads  1  and  2  are  interchanged,  the  rota- 
tion of  the  disk  will  cease  for  the  four  correct  connections,  and 
that  in  all  of  the  other  cases  it  will  run  in  the  wrong  direction. 

Power  Factor  <1.0  and  >  0.5  lagging.  Under  these  condi- 
tions we  find  20  cases  where  the  meter  will  run  in  the  right  direc- 
tion with  all  circuits  intact.  These  are:  1  (a),  2  (d),  3  (b), 
4  (c).  1  (c),  2  (b),  3  (d),  4  (a),  5  (c),  6  (b),  7  (d),  8  (a).  9  (a), 
9  (c),  10  (b),  10  (d),  11  (a).  11  (b),  12  (c)  and  12  (d). 

The  effect  of  the  interchange  of  voltage  connections  on  these 
cases  is  given  in  Table  IV.  From  the  table  we  see  that,  when  the 
voltage  connections  are  interchanged,  the  meter  will  stop  for 
the  four  correct  cases  only,  and  for  all  other  connections  the 
meter  will  run  either  forward  or  backward. 

Power  Factor  =  0.5  Lagging.  At  this  power  factor  we  find 
from  Table  II  that  there  are  16  cases  where  the  meter  will  run 
in  the  right  direction.     These  are:  1  (a),  2  (d),  3  (b),  4  (c),  1  (c). 

2  (b),  3  (d),  4  (a),  5  (c),  6  (b),  7  (d),  8  (a),  11(a),  11  (b),  12  (c)  and 
12  (d). 

The  effect  that  is  produced  by  an  interchange  of  the  voltage 
leads  1  and  2  is  given  in  Table  V.  We  find  after  interchang- 
ing the  leads  that  for  each  of  the  four  correct  connections  the 
meter  will  stop,  and  that  for  any  one  of  the  other  12  cases  the 
meter  disk  will  rotate  either  right  or  wrong. 

Power  Factor  <0.5  Lagging.  For  a  power  factor  of  less  than 
0.5  we  see  from  Table  II  that  there  are  20  cases  where  the  meter 
disk  will  run  in  the  correct  direction,  with  all  connections  intact. 
These  are  as  follows:  1  (a),  2  (d),  3  (b),  4  (c),  1  (c),  2  (b),  3  (d), 
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TABLE  IV— Power  Factor  <  1  and  >  0.5  Lagging. 
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1  (c) 

• 

r,  (\j) 

2  (b) 

• 

1 

Voltage 

leads 

Direction 

I        <''ase 

1  and  2 

of    rotation 

interchanged 

of  meter 

gives  case 

then  becomes 

7  (d) 

3  (d) 

Right 

8  (a) 

4  (a) 

• 

9  (a) 

10  (a) 

Wrong 

9  (c) 

10  (c) 

10  (b) 

9  (b) 

10  (d) 

9  (d) 

11  (a) 

12  (a) 

11  (b) 

12  (b) 

12  (c) 

11  (c) 

12  (d) 

11  (d) 

TABLE  V. 
Power  Factor   =  0.5  Lagging 


Voltage  leafls 

1  and  2 

Direction  of  rotation 

Case 

interchanged 

of  meter 

gives  case 

then  becomes 

1  (a) 

6  (a) 

Stop 

2  (d) 

0  (d) 

3  (b) 

7  (b) 

4  (c) 

8  (c) 

1  (c) 

5  (c) 

Right 

2  (b) 

6  (b) 

3  (d) 

7  (d) 

4  (a> 

8  (a) 

6  (c) 

1  (c) 

^  (b) 

2  (b) 

7  (d) 

3  (d) 

8  (a) 

4  (a) 

11  (a) 

12(a) 

Wrong 

11  (b) 

12  (b) 

12  (c) 

11  (c) 

12  (d) 

11  (d) 
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4  (a),  5  (c),  6  (b),  7  (d),  8  (a),  9  (b),  9  (d),  10  (a),  10  (c),  11  (a), 
11  (b),  12(c)  and  12(d). 

These  cases  are  treated  in  Table  VI,  and  it  is  evident  that  the 
rotation  of  the  disk,  as  before,  only  ceases  when  the  original 
connections  were  correct  before  the  leads  1  and  2  were  inter- 
changed, and  that  for  all  other  arrangements,  rotation  either 
forward  or  backward  will  take  place. 

Power  Factor  <1.0a»irf>0.5  Leading,     We  find  from  Table  II 


TABLE  VI 
Power  Factor  <  0.5  Lagging. 


Voltage 

Voltage 

leads 

Direction 

leads 

Direction 

Cam 

land  2 

of  rotation 

Case 

land  2 

of  rotation 

interchanged 

of  meter 

interchanged 

of  meter 

gives  case 

then  becomes 

gives  case 

then  becomes 

1(a) 

6(a) 

Stop 

7(d) 

3(d) 

Right 

2(d) 

6(d) 

m 

8(a) 

4(a) 

■ 

3(b) 

7(b) 

« 

9(b) 

10(b) 

Wrong 

4(c) 

8(c) 

* 

9(d) 

10(d) 

I  (c) 

6(c) 

Right 

10(a) 

9  (a) 

2(b) 

6(b) 

* 

10(c) 

9(c) 

3(d) 

7(d) 

•> 

11  (a) 

12(a) 

4(a) 

8(a) 

* 

11  (b) 

12(b) 

5(c) 

1  (c) 

M 

12(c) 

11(c) 

6(b) 

2(b) 

4 

12(d) 

11  (d) 

TABLE  VII 
Power  Factor  <   1.0  and  >  0.5  Lbaoing. 


Voltage 

Voltage 

leads 

Direction 

leads 

Direction 

1  and  2 

of  rotation 

1  and  2 

of  rotation 

Case 

interchanged 

of  meter 

Case 

interchanged 

of  meter 

gives  case 

then  becomes 

gives  case 

then  becomes 

1  (a) 

6(a) 

Stop 

7(a) 

3  (a) 

Right 

2(d) 

0(d) 

■ 

8(d) 

4  (d) 

• 

3(b) 

7  (b) 

m 

9  (a) 

10  (a) 

Wrong 

4  (c) 

8  (c) 

• 

9  (c) 

10  (c) 

• 

1  (b) 

6(b) 

Right 

10(b) 

9  (b) 

m 

2(c) 

6  (c) 

« 

10(d) 

9(d) 

* 

3(a) 

7(a) 

<i 

U  (a) 

12  (a) 

• 

4(d) 

8(d) 

« 

11  (b) 

12  (b) 

« 

5(b) 

1  (b) 

« 

12(c) 

11  (c) 

m 

6(c) 

2  (c) 

m 

12  (d) 

n  (d) 

m 

that  under  these  conditions  there  are  20  cases  where  the  meter 
will  run  in  the  right  direction,  with  all  circuits  intact.  These  are: 
1  (a),  2  (d),  3  (b).  4  (c),  1  (b),  2  (c).  3  (a).  4  (d).  5  (b),  6  (c), 
7(a),  8(d),  9(a),  9(c),  10(b),  10(d),  11(a),  11(b),  12(c), 
and  12  (d). 

The  effect  of  interchanging  leads  1  and  2  on  these  cases  is 
treated  in  Table  VII.     It  is  clear  from  Table  VII  that  the  rota- 
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tion  of  the  disk,  as  for  lagging  values  of  the  power  f actor»  only 
ceases  for  the  four  correct  connections  when  the  interchange  is 
made,  and  that  for  all  other  arrangements  rotation  either  for- 
ward or  backward  will  take  place. 

It  may  further  be  proved  from  Table  II  that  for  other  values  of 
leading  power  factor,  an  interchange  of  the  voltage  connections 
1  and  2  will  cause  the  rotation  of  the  disk  to  cease  for  the  four 
correct  connections  only. 

It  is  evident  from  the  above  proof,  that  with  a  balanced  load 
(motor  load),  the  correctness  of  the  connections  of  a  polyphase 
watt-hour  meter,  provided  with  four  voltage  terminals,  can  be 
accurately  checked  at  any  power  factor  by  the  simple  interchange 
of  the  voltage  connections  to  the  phases  1  and  2,  when  the  meter 
is  used  without  voltage  transformers,  and  if  the  meter  stops  the 
original  connections  were  correct. 

The  interchange  may  be  easily  and  simply  made  at  the  meter 
terminals.  The  following  set  of  rules  for  the  identification  of 
connections  may  be  deduced  from  Tables  II,  III,  IV,  V,  VI  and 
VII. 

1.  If,  after  the  interchange  of  voltage  connections  1  and  2, 
the  meter  stops,  then  the  original  connections  were  correct. 

2.  If,  after  the  interchange  of  voltage  connections  1  and  2, 
the  meter  continues  to  run  in  the  right  direction  at  increased 
•peed,  then  the  original  connection  was  either  1  (c)  or  2  (b)  or 
3  (d)  or  4  (a),  for  leading  currents  1  (b),  2  (c),  3  (a)  or  4  (d), 
and  the  reversal  of  the  connections  of  one  of  the  current  coils  is 
all  that  is  needed  to  rectify  the  mistake. 

3.  If,  after  the  interchange  the  meter  continues  to  run  "  right  *' 
but  at  greatly  reduced  speed  (one-half  its  former  speed)  then 
the  original  was  one  of  the  arrangements  of  5,  6,  7  or  8  and  the 
voltage  connections  are  now  correct.  The  reversal  of  the  proper 
current  coil  is  all  that  is  needed  to  make  the  connections  correct. 

4.  If,  after  the  interchange  the  meter  runs  in  the  wrong  direc- 
tion, then  the  original  connection  belonged  to  arrangements  9, 
10,  11  or  12  and  the  entire  system  of  connections  must  be  care- 
fully gone  over  and  corrected. 

The  theoretical  expressions  for  P  for  each  of  the  24  additional 
arrangements,  mentioned  above,  are  given  in  Tables  VIII  and 
IX.  As  stated,  twelve  of  these  arrangements  are  formed  by 
connecting  two  meter  terminals  to  phase  1,  one  to  phase  2,  and 
one  to  phase  3;  and  twelve  by  connecting  two  terminals  to  phase 
2.  one  to  phase  1 ,  and  one  to  phase  3.     In  Tables  VIII  and  IX  the 


a* 


11" 


\  (  ■ 

1 


.f>.  -,/,i  11    "    :>' 


'Vj»  i-^'      1"  V: 


i« 


I-  •  •  i^  t  i>    ■  1,  ^  . 


!•    .    .     -     -J  -c-^ 


1  /    !  '.  A    .i3r, 


V  ^  *'   ■ 


;    (  P    '.-  •  '*        T. 


lO-..^!  I 


'^      c.    .;, 


.n*) 


i 


.n*) 


)      * 


.a«) 


1    -Kr^'     -'l*-   ,.  }« 


:n*) 


•       ,^l  .        -      4h 


•      ^;  .    .    -^   .     {' 


i«) 


^'"    '   f   t{ 


.  •^   I.  .  ■  -    ♦> 


m«) 


«J  ■••    .•        •!-      .      ^    .\  + 


*   ,1^ 


.n«) 


I      .y     :  -     t 


4>  .  i< 


.n«) 


't   rM,  , 


!''      .1  FI"     'V/I'  *yl] 


..  V  .     ->'  \'       -  i 


•1      '  .,  f 


[    I 


•^T" 


(  : 


.  ^-.-^^ 


At 

(n) 

PliaM  I  rrrmed 

-   n     - 

Vottag*  LMd  1  optn. 

(0) 
Phaael   nTcrtwl. 
-    II      - 

(P) 

Phaae  I   ravened. 
-     11      - 

1 

(  — >^  V7co.»  +  Miin») 
Wrong 

M 

Stop 
Right 

(  — >^  V7co«»— >^tin») 
Wrong 

« 
« 

(—X  V7coi») 
Wrong 

M 
W 
M 

2 

(-«n») 

Stop 

Wrong 

M 

M 

(-l-«in») 
Stop 
Right 

M 
M 

Right 

M 

« 
M 

ftn>«) 

Wrong 

Right 

M 

M 
M 

(  — K  V7coe»— Htin*) 
Wrong 

M 

3 

Right 

M 

M 

■m«) 

4 

(+H  VTTco.*— Miin») 
Right 

« 

Stop 

Wrong 

(  — K  V7coi»— K«ln») 
Wrong 

M 
M 

« 

(  — >^  VTcot»  +  Hiin») 
Wrong 

M 

Stop 
Right 

tin4») 

s 

(-|-iin») 
Stop 
Right 

M 

« 

(  +K  yg-cot»  +  K«in») 
Right 

M 

M 

Right 

M 

M 
M 

tm4>) 

(  -l-K  V5"co«»— Ktin*) 
Right 

(-ain») 
Stop 
Wrong 

M 
M 

(  +>^  VTcos*— H«n*) 
Right 

M 

Wrong 

Stop 
Wrong 

[KOUWBNBOVBN] 


^',    J  ,1.  t  ' 


♦•>:  Jr:i  ?h  -^  I  5?*c ?'•-'' 


1'  rro^i 


Jaam-  :,i<»nA 


•«J-  ...^    -',      - 


(^  t 


4^^  . 


v   ..  I 


•  ■,  r 


I        t    .. 


'     ^     .  r  d 


19161        KOUWENHOVEN:  POLYPHASE  WATTMETER  197 

unimportant  arrangements  similar  to  arrangements  9,  10,  11 
and  12  of  Fig.  2  have  been  omitted.  The  expressions  for  these 
unimportant  arrangements  may  be  found  elsewhere  if  needed. 
For  example,  consider  arrangement  9  of  Table  VIII.  Arrange- 
ment 9,  Table  VIII,  is  made  by  connecting  the  voltage  terminals 
of  meter  element  I  to  phases  2  and  3,  and  by  connecting  both 
voltage  terminals  of  meter  element  II  to  phase  1.  The  theoreti- 
cal expressions  for  the  resulting  cases  are  to  be  found  in  Table  II, 
arrangement  5,  cases  (e),  (h),  (k)  and  (n). 

Checking  the  Connections  * 
The  elimination  of  the  incorrect  connections  treated  in  Tables 
VIII  and  IX  is  accomplished  by  the  interchange  of  voltage  leads 
1  and  2.  If  the  wiring  is  open  the  interchange  is  made  at  the 
meter  terminals,  and  in  places  where  the  wires  to  the  meter  run 
in  conduit  the  interchange  is  made  at  the  line.  In  either  case 
the  inspection  of  the  connections  incidental  to  making  the  inter- 
change indicates  at  once  the  mistake,  as  it  is  apparent  that  two 
of  the  voltage  terminals  are  connected  to  one  of  the  phases  that 
supply  the  current  coils  of  the  meter  with  current.  The  correc- 
tion of  the  mistake  is  simple. 

Class  A  Meters  with  Voltage  Transformers 
The  addition  of  voltage  transformers  complicates  the  connec- 
tions, and  makes  possible  a  large  number  of  additional  connec- 
tions. That  this  is  a  fact  is  clearly  seen  when  one  considers  that 
the  twelve  arrangements  of  connections  shown  in  Fig.  2  may  be 
applied  to  the  primary  side  of  the  transformers,  and  that  for 
each  one  of  these  there  ^re  24  different  possible  arrangements  of 
the  connections  between  the  four  secondary  terminals  of  the 
transformers  and  the  four  voltage  terminals  of  the  polyphase 
meter. 

Four  of  these  arrangements  are  shown  in  Fig.  5.  However, 
it  is  evident  that  the  four  arrangements  shown  in  Fig.  5  are 
electrically  the  same.  A  careful  study  of  the  conditions  shows 
that  no  new  electrical  arrangements  of  the  circuits  are  intro- 
duced by  a  combination  of  any  one  of  the  first  eight  cases  applied 
to  the  primary  side  of  the  transformers  with  any  one  of  the  first 
eight  arrangements  between  the  secondaries  of  the  transformers 
and  the  meter.  The  same  is  also  true  when  any  one  of  the  last 
four  cases  on  the  primary  side  is  combined  with  any  one  of  the 
same  cases  on  the  secondary  side.     However,  any  combination 
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made  with  any  one  of  the  first  eight  arrangements  on  the  primary 
side,  with  any  one  of  the  last  four  on  the  secondary  side  of  the 
transformers,  introduces  new  cases.  In  all  of  these  new  cases 
which  are  brought  about  by  the  addition  of  the  voltage  transform- 
ers, the  two  secondary  windings  of  the  transformers  and  the  two 
voltage  coils  of  the  polyphase  meters  are  in  series.  Two  of  these 
cases  are  illustrated  in  Pig.  6. 

For  any  one  of  these  added  cases  formulas  for  the  rate  and 
direction  of  rotation  can  be  derived  if  necessary.  These  cases  are 
not  only  very  improbable,  but  a  reversal  of  the  voltage  leads  1  and 

2^on  the  primary  sides  of  the  trans- 
formers will  in  no  case  cause  the 
meter  to  stop.  Therefore,  the  use  of 
voltage  transformers  does  not  intro- 
duce any  new  cases  of  importance, 
and  the  expressions  given  in  Tables 
II;  VIII  and  IX  apply  to  this  type  of 
meter  when  used  with  transformers. 
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Since  the  same  expressions  for  P  hold  good,  irrespective  of  the 
presence  or  absence  of  voltage  transformers,  the  same  mode  of 
checking  the  connections  is  applicable  in  both  cases.  Therefore, 
the  correct  connections  of  a  polyphase  watt-hour  meter,  pro- 
vided with  four  separate  voltage  terminals,  when  used  with 
voltage  transformers,  may  be  checked  by  the  interchange  of 
voltage  connections  1  and  2  on  the  primary  side  of  the  voltage 
transformers.  And  if  the  connections  were  originally  correct, 
and  the  load  is  balanced,  the  meter  will  stop  at  any  power  factor. 
Further,  if  we  asstmie  that  all  of  the  improbable  connections  of 
cases  9,  10,  11  and  12  of  Table  II  are  absent,  and  that  all  incor* 
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rect  connections  illustrated  in  Tables  VIII  and  IX  will  be 
eliminated  by  the  inspection  of  the  connections  incidental  to 
making  the  interchange,  then  we  may  apply  rules  1,  2  and  3  for 
the  correction  of  mistakes  in  the  connections. 

Class  B  Meters 

The  correct  connections  of  Class  B  type  of  polyphase  meter 
are  shown  in  Fig.  7.  With  this  class  of  meter  the  presence 
of  voltage  transformers  does  not  introduce  any  new  cases,  and 
therefore  the  following  discussion  applies  equally  well  to  meters 
of  this  type  when  used  either  with  or  without  voltage  transformers. 

The  number  of  possible  arrangements  of  the  voltage  connec- 
tions to  the  three  meter  terminals  is  found  to  be  six.     These  are 
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3» 
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5  6 


Fig.  7 


Fig.  8 


shown  in  Fig.  8.  As  in  the  case  of  Class  A  meters,  each  arrange- 
ment of  the  voltage  connections  has  four  different  arrangements 
of  the  current  coils,  and  each  arrangement  of  the  connections 
of  the  current  coils  has  four  conditions  of  operation,  depending 
upon  whether  all  the  voltage  connections  are  intact  or  if  one  of 
them  is  open.  Therefore,  we  find  a  total  of  96  different  connec- 
tions or  cases. 

The  theoretical  expressions  for  P  were  derived  for  each  one  of 
the  cases,  and  these  are  to  be  found  in  Table  X.  With  this  type 
of  meter,  the  opening  of  the  voltage  connection  3  does  not  give 
a  case  analogous  to  those  due  to  the  opening  of  either  leads  1  or 
2,  but  a  separate  and  distinct  case.  The  following  example  will 
serve  to  illustrate  the  derivation  of  the  value  of  P  for  these  cases: 
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Case  1  (g)  Phase  I  and  Phase  fl  Correct,  Voltage  Lead  3  Open. 

The  vector  diagram  is  given  in  Fig.  9.  The  voltage  is  divided 
between  the  two  potential  coils  of  the  meter,  and  therefore,  half 
of  the  voltage  is  across  each  coil  and  we  find  that 

P  =  -|-  /i  Eu2  cos  (30  +  $)  +  y  /.  £i,i  cos  (30  -  $) 


P  =  (  +  ^  cos  $)  /  £ 


The  correctness  of  each  of  the  96  expressions 
was  checked  experimentally  as  in  the  case  of 
the  Class  A  type  of  meter.  Table  X  not  only 
gives  the  expressions  but  also  the  directions  of 
rotation  of  the  meter  disk  at  several  different 
values  of  lagging  power  factor. 


Checking  of  Connections 

Prom  Table  X  we  find  that  there  are  60  cases  where  the  meter 
will  run  in  the  correct  direction  at  some  power  factor  between 
unity  and  zero  lagging,  however,  only  12  of  these  are  for  cases 
where  all  the  circuits  are  intact.  These  12  are  as  follows:  1  (a), 
1  (c),  2  (c),  3  (b),  4  (b),  4  (c).  5  (b),  5  (c).  5  (d),  6  (a),  6  (b) 
and  6  (d). 

Of  these  12  cases  there  is  only  one  case  where  the  meter  registers 
correctly  under  all  conditions  the  amount  of  power  consumed, 
and  that  is  case  1  (a).  A  careful  study  of  the  table  does  not 
reveal  any  simple  method  of  checking  the  correctness  of  the  con- 
nections 1  (a)  that  does  not  apply  equally  well  to  some  of  the 
incorrect  cases.  The  arrangements  of  connections  that  do  not 
offer  any  simple  means  of  elimination  are  cases  5  (d),  6  (a)  and 
6  (d).  However,  mistakes  that  are  illustrated  by  cases  coming 
under  3,  4,  5  and  6  are  not  often  made,  especially  if  the  common 
voltage  terminal  of  the  meter  to  which  phase  3  is  connected  is 
plainly  marked.  If  this  terminal  is  marked,  it  is  practically 
impossible  to  make  any  mistake  in  its  connection  to  the  proper 
phase,  and  therefore,  we  need  only  consider  cases  coming  under 
arrangements  1  and  2. 

Under  arrangements  1  and  2  of  the  voltage  connections  we  find 
only  three  cases  where  the  meter  will  run  in  the  right  direction. 
These  are:  1  (a),  1  (c)  and  2  (c).     In  addition  to  the  check  of  the 
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correctness  of  the  connections  produced  by  the  opening  of  the 
voltage  supply  to  each  element  of  the  meter  in  turn,  there  is 
also  a  check  that  is  sometimes  employed  with  this  class  of  meter 
which  consists  in  opening  lead  3. 

The  same  criticism,  namely,  that  it  cannot  be  relied  upon,  that 
applied  to  the  check  obtained  by  opening  the  voltage  supply  of 
each  element  in  turn,  as  applied  to  the  Class  A  type  of  meter, 
applies  equally  well  when  used  with  this  class  of  meters.  When 
we  study  the  effect  of  opening  load  3,  we  see  from  Table  VIII 
that  when  we  open  lead  3  for  case  1  (a)  we  get  case  1  (g),  and  the 
meter  continues  to  run  in  the  right  direction  at  exactly  one-half 
speed.  For  case  1  (c)  we  get  1  (m)  and  the  meter  now  runs  in 
the  wrong  direction,  and  for  case  2  (c)  we  get  2  (m),  and  the 
meter  continues  to  run  in  the  right  direction  at  exactly  one-fourth 
its  former  speed.  Therefore,  this  check  may  be  relied  upon 
provided  the  load  remains  constant. 

Check  Produced  by  the  Interchange  of  the  Voltage 
Connections  to  Phases  1  and  2 

At  unity  power  factor  we  have  only  case  1  (a)  possible  and  an 
interchanging  of  the  voltage  leads  1  and  2  will  give  case  2  (a) 
and  the  rotation  of  the  disk  will  cease.  This  is  also  true  of  case 
1  (a)  for  any  value  of  the  power  factor  either  leading  or  lagging. 

At  all  values  of  lagging  power  factor  below  unity,  we  may  have 
in  addition  to  case  1  (a)  either  1  (c)  or  2  (c).  The  interchange 
for  voltage  leads  for  the  case  1  (c)  gives  case  2  (c)  and  the  meter 
continues  to  run  in  the  right  direction  at  double  its  original 
speed.  The  interchange  for  case  2  (c)  gives  1  (c)  and  the  meter 
continues  to  run  in  the  right  direction  at  one-half  its  original 
speed. 

For  leading  values  of  the  power  factor  we  find  three  cases 
where  the  meter  disk  will  rotate  in  the  right  direction.  These 
are:  1  (a),  1  (b)  and  2  (b).  In  cases  1  (b)  and  2  (b)  the  disk 
will  continue  to  rotate  in  the  right  direction  after  the  interchange 
is  made. 

It  is  evident  from  the  above,  that  the  interchange  of  the  voltage 
leads  1  and  2  will  serve  to  eliminate  all  incorrect  connections 
and  check  the  proper  connections  for  Class  B  meters,  if  we  allow 
the  asstunption  that  the  common  voltage  terminal  is  connected 
to  its  proper  phase,  i.  e.,  to  the  phase  that  does  not  supply  cur- 
rent to  the  current  coils  of  the  meter.  This  connection  is  very 
simple  if  the  terminal  is  clearly  marked.     Rules  1  and  2  also 
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i^^ly  to  this  meter,  and  aid  in  the  correction  of  mistakes.  The 
:r.*erchan>:e  of  leads  1  and  2  may  always  be  made  at  the  term- 
inals of  the  instnmient. 


Class  C  Meters 

The  correct  connections  of  the  Class  C  type  of  meter  are  shown 
in  Fig.  10.  Instrument  transformers  are  seldom  used  with  this 
type  of  meter,  which  is  essentially  a  house  meter.     The  three 

possible  arrangements  of  the 

_^____^    volta^^e  connections  are  illus- 

trated  in  Fig.  11. 

The  expressions  for  F  and 
the  direction  of  rotation  at 
different  power  factors  are 
civen  in  Table  XI. 


U^^M>> 


[^n4m> 


Fig.   10 


[   WV"rf*WN.V« 


Fig.   11 


Checking  the  Connections 

Table  XI  shows  that  there  are  ^  cases  where  the  meter  will 
run  in  the  ri^'ht  direction  at  some  va'ue  ot  the  power  factor, 
when  all  its  circuits  are  intact.  Of  these  S  cases,  case  I  ^a;  is 
the  onlv  case  or  arrangement  ^A  connections  where  the  meter 
will  operate  correctly  under  al:  conditions.  The  ^  rases  arc: 
1    a  ,  1    c  .  2   a  .  2   b  .  3    a  .  3    b  .  3  (c    and  3   d  . 

The  check  for  this  class  of  meters  consists  in  openin^'  the  single 
V'.»lta^^e  connecti^-ns  to  the  n:etcT*;  for  ca.^e  1    a^  this  jivts  1  -'g 
and  the  nteter  c-ntinues  to  r_in  in  the  right  direction  a:  <.»ne-half 
it-  former  speed. 

The  opening  of  tite  volta>:e  connection  for  case  I  c-  gives 
case  1  m*  and  the  meter  stops  or  rans  in  the  wrong  direction, 
depending  on  the  power  factor.  The  opening  of  the  voltage 
connections  for  any  one  of  the  remaining  cases  causes  the  meter 
to  stop  under  all  conditions.  It  m^ay  be  stated  that  a  balanced 
load  is  not  essential  for  making  the  test. 


•  £->c-;'rcj;   World,  V-  I.  63.  p.  144.  1014 
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Opening  the  Supply  as  a  Method  of  Checking  the 
Connections 

In  addition  to  the  above-mentioned  checks  there  is  a  test  of 
the  correctness  of  the  connections  that  may  be  applied  where  it 
is  permissible  to  open  one  phase  at  a  time  of  the  supply  without 
interrupting  the  load.  A  phase  must  be  opened  in  two  places 
at  the  same  time,  namely,  between  the  meter  and  the  supply 
line  and  between  the  meter  and  the  load. 

This  test  is  as  follows:  Assume  that  the  meter  is  connected 
in  a  three-phase  circuit,  where  one  of  the  phases  may  be  opened 
without  interrupting  the  load.  Now ,  with  the  meter  running  in  the 
right  direction,  open  one  of  the  phases  that  supplies  current  to  one 
of  the  current  coils  of  the  meter  as  directed  above.  The  meter 
should  continue  to  rotate  in  the  right  direction  if  the  connections 
are  correct;  because  it  is  now  operating  as  a  single-phase  meter, 
registering  the  power  supplied  to  a  single-phase  load.  Replace 
the  fuses  and  open  the  phase  that  supplies  current  to  the  other 
current  coil  of  the  meter.  The  meter  should  continue  to  rotate 
in  the  right  direction  for  the  same  reason  as  before.  If  the 
meter  stops  or  if  its  direction  of  rotation  changes  when  either 
line  is  open,  then  the  connections  are  incorrect  and  must  be 
carefully  traced  out  and  the  mistake  rectified.  In  making  this 
test  it  is  not  necessary  to  know  the  power  factor  of  the  load  nor 
is  a  balanced  load  necessary. 

Each  phase  that  supplies  current  to  the  meter  must  be  opened 
in  two  places  during  this  test.  If  only  a  single  opening  is  made 
between  the  meter  and  the  load,  both  voltage  coils  of  the  meter 
will  still  be  excited,  and  we  may  have  such  incorrect  connections 
as  cases  5  (c)  5  (b),  7(d),  8  (a)  of  Table  II  or  2  (c)  of  Table  X  which 
also  give  rotation  in  the  right  direction  with  either  Hne  open.  If 
a  single  opening  is  made  between  the  meter  and  the  supply  line 
and  if  the  load  consists  of  an  induction  motor  or  other  similar 
apparatus,  both  voltage  coils  will  still  be  excited  due  to  the  volt- 
ages induced  in  the  motor  windings,  and  we  may  have  incorrect 
connections  as  above.  Therefore,  it  is  necessary  to  open  the 
same  phase  of  the  circuit  in  two  places  simultaneously. 

Example  of  the  Application  of  the  New  Method 
The  following  is  an  example  of  the  application  of  the  method 
of  checking  the  correctness  of  a  polyphase  watt-hour  meter  on  a 
three-phase  circuit  by  means  of  the  interchange  of  voltage  con- 
nections to  phases  1  and  2.     For  this  example  the  writer  has 
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assumed  that  we  have  to  install  a  polyphsise  watt-hour  meter 
with  four  voltage  and  four  current  terminals  on  a  circuit  requiring 
the  use  of  voltage  and  current  transformers.  While  making  the 
test,  the  load  on  the  circuit  must  be  balanced  and  may  consist 
of  a  three-phase  induction  motor,  a  three-phase  bank  of  trans- 
formers or  other  similar  apparatus.  As  it  is  difficult  to  obtain 
a  balanced  load  with  lamps,  the  lighting  circuits  should  be  open. 

Connect  the  meter  according  to  the  diagram  of  connections 
(see  Fig.  12)  so  that  it  rotates  in  the  right  direction. 

Having  obtained  rotation  in  the  right  direction,  interchange 
the  connections  on  the  primary  side  of  the  potential  transformers 
to  phases  1  and  2,  and  if  rotation  ceases  the  original  connections 
were  correct,  and  should  be  restored. 


■^•vAywo- 


-«^ii^ 


Fig.  12 


If  after  making  the  interchange,  the  meter  continues  to  run 
in  the  right  direction  but  at  increased  speed,  the  original  connec- 
tions were  correct,  but  the  connections  of  one  of  the  current 
coils  were  reversed.  Restore  the  voltage  connections  to  their 
original  condition  and  reverse  the  connections  of  the  current 
coil  that  will  give  rotation  in  the  right  direction  after  reversal. 

If,  after  making  the  interchange,  the  meter  continues  to  run 
in  the  right  direction,  but  at  reduced  speed,  the  voltage  connec- 
tions are  now  correct,  and  one  current  coil  is  reversed.  Reverse 
the  connections  of  the  current  coil  that  will  give  rotation  in  the 
right  direction  after  reversal. 

Having  satisfied  the  conditions  of  the  test,  the  voltage  ter- 
minals of  the  meter  that  are  at  the  same  potential  may  be  con- 
nected together  and  grounded  if  desired. 
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Summary  and  Conclusions 

The  results  of  the  investigation  show  clearly,  first:  That  the 
check  upon  the  correctness  of  the  connections  made  by  opening 
the  current  or  voltage  supply  to  each  element  in  turn,  is  unreliable 
and  may  lead  to  erroneous  results.  Furthermore,  a  knowledge 
of  the  power  factor  is  essential  to  its  use. 

Second:  That  the  check  upon  the  correctness  of  the  connec- 
tions Tnade  by  opening  the  voltage  connections  to  the  phase 
that  does  not  supply  current  to  the  two  single-phase  elements 
of  the  meter  is  only  acctu*ate  in  case  of  meters  of  Class  C  or  to 
meters  similarly  connected. 

Third:  That  the  check  upon  the  correctness  of  the  connections 
made  by  opening  in  turn  each  of  the  three-phase  lines  that  supply 
current  to  the  current  coils  of  the  ntbter,  is  acctu'ate  at  any  power 
factor  and  on  balanced  or  unbalanced  load;  provided  the  opening 
is  made  between  the  meter  and  the  supply  line. 

Fourth :  That  the  check  upon  the  correctness  of  the  connections 
made  by  the  interchange  of  voltage  connections  to  phases  1  and 
2  is  accurate  at  any  power  factor  on  a  balanced  load  for  Class  B 
meters,  if  we  make  the  assumption  that  phase  3  is  connected  to 
the  proper  terminal  and  that  if  the  original  connections  were 
correct  the  meter  stops.  This  also  applies  to  meters  having 
four  voltage  terminals  when  two  of  these  are  connected  together, 
and  from  a  common  terminal. 

Fifth:  That  the  check  upon  the  correctness  of  the  connections 
made  by  the  interchange  of  voltage  leads  1  and  2  is  accurate  at 
any  power  factor  on  a  balanced  circuit  for  Class  A  meters,  and 
that  if  the  original  connections  were  correct  the  meter  stops. 

Sixth:  That  in  case  the  connections  are  incorrect  for  Class  A 
and  B  meters,  the  interchange  of  leads  1  and  2  gives  the  necessary 
information  for  correcting  the  mistake  (see  Rules  2  and  3,  page 
172). 

The  investigation  also  shows  that  there  is  a  simple  means  of 
ascertaining  the  power  factor  on  a  three-phase  circuit  where  a 
polyphase  watt-hour  meter  is  installed.  This  method  may  be 
used  with  any  type  of  meter.  It  is  as  follows:  Note  the  time  of 
one  revolution  of  the  disk  when  the  meter  is  connected  correctly 
and  registering  the  given  load.  Then  reverse  the  connections 
of  either  current  coil,  and  note  the  time  of  one  revolution,  with 
the  given  load.     Then 

-  _  n/3  (Time  of  one  revolution,  meter  connected  correctly) 
Time  of  one  revolution  with  one  current  coil  reversed 
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'I  Ik:  i-xperiincntal  work  connected  with  this  investigation 
waM  carried  on  in  the  new  electrical  laboratories  of  the  Johns 
Hr/pkins  University.  The  writer  wishes  to  thank  Mr.  J.  R. 
Triiik'-Jiank,  Dr.  J.  B.  Whitehead,  Mr.  F.  V.  Magalhaes  and 
Mr.  \V.  S.  Brown  for  their  kindness  and  assistance. 
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Discussion  on  **  A  Method  of  Determining  the  Correct- 
ness OF  Polyphase  Wattmeter  Connections  '*  (Kouw- 
enhoven),  New  York,  Feb.  9.  1916. 

W.  H.  Pratt:  The  author  has  made  a  very  large  amount  of 
painstaking  effort  in  collecting  and  analyzing  the  behavior  of 
the  meters  with  these  miscellaneous  connections.  There  is  one 
point  that  is  emphasized  throughout  the  paper,  that  this  check- 
ing must  be  made  under  balanced  load  conditions  except  in  one 
particular  case.  There  should  be  a  great  deal  of  care  exercised 
in  deciding  whether  you  have  a  balanced  condition  in  applying 
the  check.  The  fact  that  you  use  a  motor  which  tends  to  take 
a  balanced  load  does  not  necessarily  mean  that  the  load  will  be 
balanced  unless  the  voltages  are  strictly  balanced.  A  very  small 
unbalancing  of  voltage  may  mean  a  very  large  amoimt  of 
unbalancing  in  the  power  station.  This  point  emphasizes  the 
fact  that  you  should  always  be  very  particular  in  following  the 
diagrams  of  connections.  It  is  a  very  easy  matter  to  systemati- 
cally arrange  most  work  so  that  you  can  follow  the  diagrams  just 
as  if  you  had  a  column  of  figures  to  add,  and  then  very  care- 
fully do  the  work.  There  is  a  temi)tation,  however,  to  rely  on 
the  check,  but  a  check  should  be  made  bearing  in  mind  that  you 
have  limitations  which  might  seriously  affect  the  conclusions. 

Again,  if  you  find  that  you  ha\'e  trouble  it  may  be  a  very 
difficult  matter  to  locate  the  cause  of  it.  I  have  in  mind  a  case 
which  was  called  to  my  attention  not  many  months  ago  in  which 
all  ordinary  checks  applied  indicated  that  the  connections  were 
correctly  made,  even  to  tracing  out  the  wiring,  but  there  was  evi- 
dence of  something  seriously  wrong.  When  we  came  to  trace  it 
down,  it  appeared  that  there  were  two  sets  of  instalments  on  the 
switchboard,  the  switchboard  being  in  two  pans,  and  the  con- 
nection that  was  supposed  to  be  a  ground  connection,  simply 
served  as  a  common  zero  potential  connection.  The  two  parts 
of  the  board  were  each  individually  connected  up  all  right,  but 
it  so  happened  that  the  instruments  on  one  portion  required  to 
have  a  common  connection  with  the  instruments  on  another 
portion,  and  this  common  connection  was  omitted,  and  there  was 
a  most  mystifying  behavior  of  the  apparatus. 

The  author  says  that  meters  which  he  designates  as  class  C 
meters  cannot  be  used  with  either  voltage  or  current  transformers. 
Of  course,  it  is  quite  ])ossihle  to  use  such  meters  by  making  inter- 
connections of  the  circuit,  and  making  a  simple  interconnected 
secondary  network. 

Again,  the  remark  is  made:  *'  By  tlie  use  of  the  table  it  is  also 
possible  in  cases  where  incorrect  or  o])en  connections  are  found, 
to  determine  from  the  meter  readings,  when  the  conditions  of  the 
circuit  are  known,  the  actu^d  kw-hr.  that  have  been  used." 
I  think  the  expression  of  the  author  "  when  the  conditions  of  the 
circuit  are  known  "  should  be  ver\'  much  emphasized,  because 
ordinarily  the  conditions  of  the  circuit  are  such  that  the  loads 
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M>.  \uA  ol  lUfmitf  ])(iwtrr  factor,  and  unless  that  is  truethrough- 
,^»<    ihr   \nIm)U'   pt-rirxl   of  operations,   no  conclusions  could  be 

0.  A.  Sttwin:  The  author's  nlelhod^  of  n.aking  his  calcula- 
iiMit,  .lu-  ihf  same  tJiat  I  have  followed  for  s«»:r.e  years,  but  I 
h  iM  laid  (iUt  my  dia^Tam  a  little  dirTeren:ly.  For  example 
ii|.p<i  ,1-  v\i'  find  a  mt.-ter  connecter!  in  a  certain  n:anr.er  Fi^.  1  and 
di  iir  l(i  kiHivv  ii  -.  acruracy;  we  make  a  dia^am.  Fig.  2.  We  find 
I  111  (  in  nut  (oil  of  element  A  is  in  line  L  and  the  current  coil  of 
I  Ii  nirijl  H  i .  in  line  '4.  The  potential  of  element  .4  is  connected 
111, 111  I  'J  and  of  clement  B  from  3-1  as  shown.  I  have  shown  an 
niM.iiiM.  i  iniu<(  Uon  for  the  pur;.o>e  of  illustration.  Now  we 
iiiii.i  alwa,  .  rc-member  that  the  meter  records  exactly  what  it 
ji « « 1  .ft],  un  matter  whether  it  is  the  tpje  power  or  not.  In  other 
//old-.,  d  v/e  treat  each  element  in  this  case  as  a  single-phase 
hi«i«i,  iiuf]  n-memher  the  m.easured  power  equals  the  voltage 
i«  / »  1  .<•/]  tirr,': .  the  current  received,  tim.es  the  cosine  of  the  angle 
1,1  1.1^'  h'-tv/e^-n  th:<  particular  current  and  j>otential,  we  will 
1 1 1,  j/i'']  lately  -ee  what  each  element  is  measuring.  Add  the 
n  m\'-\  of  the  two  elements  together,  and  we  will  have  the  total 


^— / 


If 


rf.»:a^ured  r^Aver.  Com:*are  thi-  re-uit  to  the  true  power,  and 
•  \,f  f:(,rTt^(:\  an-wer  is  ol'tained.  In  this  case  the  m.ea-ured  DOwer  is 
h  I  rjj,    ::J0^  +  a    +  E  I  ccj>  '3(r  +  a     =  2E  I  cos    30°  +  a). 

The  dia;,Tam  to  m^e  personally  is  clearer,  and  shows  exactly 
how  to  arrive  at  correct  re-ults  in  any  case. 

Mr.  Pratt  has  called  attention  to  the  fact  that  in  ai)plying 
the  author's  nietho<l,  we  mu-t  have  a  balanced  load.  If  we 
have  an  unbalanced  load  the  re-ults  will  not  always  come  out, 
a<  exj^ected.  We  often  find  ca.-e<  where  we  ha\e  single-phase 
motors  connected  acro^^  two  of  the  wires  of  the  three-phase 
circuit,  and  somiCtime^  we  have  light-^  connecte*!  so  that  in  prac- 
tise we  should  apply  thi-  m.ethcKl  with  caution. 

Another  point  which  the  author  does  not  bring  out.  but  which 
is  important.  i<  that,  after  a  nteter  has  been  in  >ervice  for  some 
time,  we  do  n<;t  know  whether  it  is  in  correct  calibration  or  not. 
The  author  a<-umes  all  throu^-h  his  ];aper  that  the  miCter  he  is 
dealing  with  is  correct.  We  can  very  readily  iniagine  the  case  of 
an  incorrect  meter,  for  example,  one  which  is  badly  out  on  lag, 
which  would  not  answer  correctly  the  test  given  here  by  the 
author.     Therefore,    in    practise   we   must    bear   in   mind,    the 
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balanced  condition  of  the  load  and  whether  the  meter  is  correctly 
or  incorrectly  calibrated. 

L.  W.  Chubb:  We  must  remember  that  there  are  two  classes 
of  men  that  take  care  of  meter  connections — ^there  is  the  en- 
gineer who  knows  the  vector  relation  of  the  voltage  and  current, 
and  if  he  gets  irregular  results  in  one  way,  he  can  usually  ferret 
out  what  is  the  matter,  either  by  symmetry  of  connections  or  by 
common  horse  sense.  The  station  man  who  gets  into  trouble, 
must  be  provided  with  some  rule  of  thumb  method  which  will 
give  him  results  and  not  require  basic  knowledge  of  the  principles 
involved.  For  this  reason  I  think  Mr.  Kouwenhoven's  scheme  of 
reversing  the  potential  coils  for  two  classes  of  meters,  or  else 
opening  the  current  between  the  meter  and  power  in  the  other 
class,  is  of  great  value. 

The  requirements  for  balanced  load  in  the  majority  of  the 
work  is,  as  Mr.  Pratt  says,  a  handicap.  A  balanced  load  on  such 
a  thing  as  an  induction  motor,  or  light  running  synchronous 
machine,  is  rare.  If  the  field  distribution  in  the  motor  does  not 
agree  with  the  line  wave,  there  will  be  quite  a  big  distortion  and 
an  unbalancing  of  currents  with  a  very  small  change  in  phase 
and  voltage.  I  do  not  believe  this  is  a  serious  handicap,  how- 
ever, as  you  can  estimate  about  what  load  you  have,  and  if  the 
meter  comes  nearly  to  a  standstill,  you  know  that  the  connec- 
tion is  probably  right.  The  same  is  true  for  a  meter  a  little  bit 
out  of  calibration  in  the  two  parts,  as  the  last  speaker  has 
mentioned. 

I  think,  that  for  the  engineer  who  goes  out  on  a  meter  job  and 
wants  to  find  out  what  is  wrong,  the  old  method  of  opening  one 
element  of  the  polyphase  meter  and  then  the  other  is  pretty 
good.  You  can  usually  get  a  load,  balanced  or  unbalanced, 
which  will  have  a  power  factor  both  above  and  below  0.5.  For 
instance,  the  usual  transformer  of  today  on  open  circuit  is  run 
at  such  an  induction  that  the  exciting  current  is  below  0.5  power 
factor.  It  is  easy  enough  to  put  additional  load  on  the  trans- 
former, and  take  another  reading  at  a  power  factor  above  0.5 
so  that  opening  one  element  at  a  time,  with  the  two  tests,  will 
give  quite  a  reliable  result. 

Comfort  A.  Adams:  The  subject  of  polyphase  meter  connec- 
tion is  so  often  made  unnecessarily  complicated  that  I  am  going 
to  take  enough  time  to  explain  what  seems  to  be  the  natural 
and  simple  point  of  view,  which  I  have  employed  for  more  than 
twenty  years. 

Label  the  mains  of  a  three-phase  system,  a,  b  and  c.  Count  - 
the  currents  in  a  and  b  as  positive  when  fldwing  outwards  from 
the  source  and  the  current  in  c  positive  backwards.  Then  will 
U  +  H  -  ie  at  every  instant,  and  c  may  be  looked  upon  as  the 
common  return  for  a  and  b.  The  total  power  flowing  outwards 
from  the  source  will  then  be  that  of  two  circuits  ac  and  be,  or 
stated  in  symbols,  eae  U  +  ^6e  4,  which  holds  for  every  instant 
of  time  irrespective  of  whether  the  system  carries  direct,  alter- 
nating or  pulsating  current. 
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The  two  single-phase  wattmeters  or  the  two  parts  of  a 
three-phase  wattmeter  connected  with  their  currents  coils 
in  a  and  b  and  their  pressure  coils  across  ac  and  be 
respectively  in  the  direction  indicated  by  the  sjmabols,  will 
measure  the  average  values  of  Cme  u  and  cu  ib  respectively, 
or  a  three-phase  wattmeter  will  indicate  the  sum  of  these, 
1.  e,,  the  total  power  flow  of  the  system  in  the  direction 
indicated.  If  the  corresponding  terminals  ±  of  the  current  and 
pressure  coils  of  each  meter  are  so  indicated  or  implied  by  their 
location,  it  is  only  necessary  to  connect  the  two  current  coils  in 
the  lines  a  and  b  in  the  direction  of  power  flow  and  the  corres- 
ponding pressure  coils  in  the  directions  ac  and  be.  If  the  direc- 
tion of  power  flow  is  not  known,  it  may  be  assumed  and  connec- 
tions made  accordingly.  If  the  assumption  is  correct,  the  meter 
will  read  or  run  positively,  otherwise  either  both  current  coil 
connections  or  both  pressure  coil  connections  should  be  reversed. 

The  above  proof  of  the  two  wattmeter  method  of  three-phase 
power  measurement  as  well  as  the  restdting  conclusions  as  to  the 
method  of  connection,  is  absolutely  rigid  and  general  for  any 
wave  shape  or  no  wave  shape.  Moreover,  it  is  directly  applicable 
to  a  system  of  n  wires  in  which  one  is  looked  upon  as  the  common 
return  f or  »  —  1  phases,  and  the  power  can  be  measured  by 
«  —  1  wattmeters  (or  wattmeter  elements  of  a  polyphase  watt- 
meter) connected  as  above  indicated  for  the  three-phase  case. 

I  realize  that  the  problem  faced  by  the  meter  man  is  not  the 
same  as  that  faced  by  the  laboratory  man;  but  I  feel  quite  sure 
that  even  the  practical  meter  man  would  find  his  problem  vastly 
simplified  if  he  could  acquire  the  above  described  natural  point 
of  view. 

The  idea  is  not  at  all  a  new  one,  but  so  few  engineers  seem  to 
make  use  of  it,  that  I  am  impelled  by  my  teacher's  instinct  to 
set  it  forth  again. 

W,  B.  Kouwenhoven:  As  stated  in  the  paper,  the  term  cor- 
rect, refers  only  to  the  direction  of  rotation  of  the  disc  of  the 
watt-hour  meter  used  in  this  investigation,  and  has  nothing 
whatever  to  do  with  the  accuracy  of  the  meter.  The  meter 
used  was  not  calibrated  before  making  the  investigation  and  it 
had  seen  a  nimiber  of  years  of  service.  I  do  not  know  whether 
the  two  single-phase  elements  had  exactly  the  same  character- 
istics or  not.  However,  their  characteristics  were  suflSciently 
alike  to  cause  the  meter  to  stop  when  the  voltage  connections  to 
phases  1  and  2  were  interchanged.  If  a  polyphase  watt-hour 
meter  is  so  badly  out  of  adjustment  that  it  will  not  answer  cor- 
rectly to  the  test  although  connected  properly:  then  its  failure 
to  meet  the  test  will  immediately  indicate  that  there  is  something 
wrong  with  the  meter  itself. 

As  Mr.  Chubb  pointed  out,  a  slight  unbalancing  of  a  three- 
phase  load  such  as  is  often  found  in  induction  motors,  especially 
when  operating  on  light  loads,  is  not  serious,  and  the  check  pro- 
duced by  the  interchange  of  the  voltage  leads  will  identify  thQ 
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correct  connections.  Part  of  the  investigation  was  carried  on 
with  induction  motors  as  load,  and  part  with  synchronous  motors, 
and  in  neither  case  was  there  the  slightest  difficulty  in  recog- 
nizing the  correct  connections  when  the  check  was  applied.  I 
do  not  know  the  amount  of  unbalancing  that  would  prove  seiious. 
The  correctness  of  the  connections  on  balanced  or  unbalanced 
three-phase  circuits  for  any  class  of  meter  may  be  checked  by 
removing  the  fuses  from  the  line  as  described  in  the  paper. 

If  a  polyphase  watt-hour  meter  is  placed  in  a  circuit  where  no 
instrument  transformers  are  required,  then  its  proper  connection, 
as  Professor  Adams  points  out,  is  comparatively  simple.  If  two 
voltage  and  two  current  transformers  are  added  to  the  circuit 
then  the  connections  become  difficult  and  a  check  is  necessary. 


Preseniid  at  the  fourth  Midwinttr  Convention  cf 
the  American  Institute  of  Electrical  Engineers, 
New  York,  February  9.  1916. 

Copyright   1916.     By   A^  I.   E.   E. 


THE  TRUE  NATURE  OF  SPEECH 

With  Application  to  a  Voice-Operated  Phonographic  Alphabet 
Writing  Machine 


BY  JOHN  B.  FLOWERS 


Abstract  of  Paper 

That  speech  is  a  rapid  variation  in  intensity  of  the  voice  and 
mouth-tones  according  to  definite  sound  patterns  called  letters 
of  the  alphabet,  is  proved,  by  showing  that  speech  is  the  result 
of  action  of  the  mouth-parts  in  varying  the  intensity  of  the 
voice  and  mouth-tones,  and  through  photographs  taken  with 
the  string-galvanometer  of  each  letter  sound  of  the  alphabet, 
showing  definitely  the  characteristic  variation  in  intensity  of 
tone  for  each  letter  of  the  alphabet.  From  the  curves,  the 
phonographic  alphabet  is  obtained  by  measuring  the  variations 
m  intensity  of  the  main  tone  of  the  record. 

A  design  for  a  voice-operated  phonographic  alphabet  writ- 
ing machine  is  described.  The  object  of  this  device  is  to  record 
speech  automatically  in  ink  on  paper  in  the  form  of  an  easily 
read  compact  system  of  natural  characters  called  the  phono- 
graphic alphabet.  Its  design  comprises  a  high-power  tele- 
phone transmitter  controlling  electric  resonator  circuits,  the 
intensity  of  currents  in  which  is  measured  by  the  vibration  of 
mirrors  reflecting  light  upon  a  selenium  cell  connected  to  a 
special  recording  pen. 

Definition   of  vSfeech 

SPEECH  is  a  rapid  variation  in  amplitude  of  one  or  more 
tones,  there  bein^  a  definite  form  of  variation  makinj::^  a 
pattern  for  each  letter  sound  of  the  alj^habet.  These  patterns 
are  not  formed  by  the  super posin^i;  of  tones  of  different  pitch 
to  give  a  certain  quality  to  the  tone  but  by  a  definite  form  of 
variation  in  the  amplitude  of  a  single  tone  or  tones.  This 
previously  unknown  form  of  variation  of  amplitude,  quite  dif- 
ferent from  the  ordinary  change  from  soft  to  loud,  should  be 
called  the  speech-variation.  What  is  meant  is  that  if  a  tone  of 
a  pitch  of  say  1000  cycles  i)cr  second  commences  in  such  a 
manner  that  the  first  10  to  20  cycles  vary  in  intensity  after  the 
definite  pattern  y^^     ,  the  sound  b  will  be  produced  and  heard. 
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Thus:  P A8«ond ^ 


20  Cycles  of  a  1000-Cycle  Tone 

But  no  matter  what  the  pitch  of  the  tone,  if  its  intensity  is  made 
to  vary  according  to  this  definite  pattern  in  a  small  fraction  of 
a  second,  the  sound  b  will  be  produced. 
Thus: 


5  Cycles  of  a  250-Cycle  Tone 

When  we  speak  the  letter  6,  the  fundamental  tone  and  the 
overtones  of  the  vocal  chords  together  with  the  mouth-tones 
are  all  varied  at  the  same  instant  of  time  according  to  the 
definite  pattem/'V..  The  same  is  true  for  each  letter  sound 
of  the  alphabet,  as  will  appear  in  the  table  of  patterns  of  the 
letters  of  the  alphabet  called  the  phonographic  alphabet  on 
another  page: 

In  other  words,  if  an  open  reed-organ  pipe  of,  say,  middle 
C  pitch  were  blown  and  at  its  large  open  end  were  placed  a 
mechanical  device  like  the  human  mouth  for  opening,  varying 
the  opening,  and  closing  the  opening,  and  trilling  and  varying 
the  air  pressure,  the  organ  pipe  would  speak  like  a  human 
being,  with  wonderful  power  and  majesty. 

We  quote  Helmholtz:  "  Sensations  of  Tone,"  pages  66-67- 
68.  "There  has  been  a  general  inclination  to  credit  quality 
with  all  possible  peculiarities  of  musical  tones  that  were  not 
evidently  due  to  force  and  pitch.  But  very  slight  considera- 
tion will  suffice  to  show  that  many  of  these  peculiarities  of 
musical  tones  depend  upon  the  way  in  which  they  begin  and  end. 
The  methods  of  attacking  and  releasing  tones  are  sometimes  so 
characteristic,  that  for  the  human  voice  they  have  been  noted 
by  a  series  of  different  letters.  To  these  belong  the  explosive 
consonants  B,  D,  G,  and  P,  T,  K.  The  effects  of  these  letters 
are  produced  by  opening  the  closed,  or  closing  the  open  passage 
through  the  mouth.  For  B  and  P  the  closure  i?  made  by  the 
lips,  for  D  and  T  by  the  tongue  and  upper  teeth,  and  G  and  K 
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by  the  back  of  the  tongue  and  soft  palate.  In  wind  instruments 
where  the  tones  are  maintained  by  a  stream  of  air,  we  generally 
hear  more  or  less  whizzing  and  hissing  of  the  air  which  breaks 
against  the  sharp  edges  of  the  mouthpiece.  It  is  well  known 
that  most  consonants  in  human  speech  are  characterized  by 
the  maintenance  of  similar  noises,  as  F,  V;  S,  Z;  Th  in  thin  and 
in  then;  the  Scotch  and  German  guttiu-al  CH,  and  Dutch  G. 
For  some  the  tone  is  made  still  more  irregular  by  trilling  parts 
of  the  mouth,  as  for  R  and  L.  In  the  case  of  R  the  stream  of 
air  is  periodicaUy  entirely  interrupted  by  trilling  the  uvula,  or 
the  tip  of  the  tongue;  and  we  thus  obtain  an  intermitting  sound 
to  which  these  interruptions  give  a  pecuHar  jarring  character. 
In  the  case  of  L  the  soft  side  edges  of  the  tongue  are  moved 
by  the  stream  of  air,  and,  without  completely  interrupting  the 
tone,  produce  inequalities  in  its  strength.  The  formation  of 
M  and  N  in  so  far  resembles  that  of  vowels,  that  no  noise  of 
wind  is  generated  in  any  part  of  the  cavity  of  the  mouth,  which 
is  perfectly  closed,  and  the  sound  of  the  voice  escapes  through 
the  nose." 

Proof  that  a  Definite  Fixed  Pitch  is  Not  the  Chief 
Characteristic  of  Individual  Letter  Sounds 

Anyone  may  easily  prove  this  for  himself.  Place  upon  the 
phonograph  a  talking  record.  Run  the  record,  first  at  60 
revolutions  per  minute,  which  is  below  the  normal  speed,  then 
at  160  revolutions  per  minute,  which  is  2?  times  the  lower  speed. 
The  articulation  remains  intelligible  even  at  the  low  and  high 
speeds.  The  pitches  of  all  speech  sounds  at  the  high  speed 
of  the  record  are  nearly  an  octave  and  a  half  above  the  pitches 
at  the  low  speed.  Hence  if  but  one  fixed  pitch  was  character- 
istic of  each  letter  sound,  the  speech  would  have  been  absolutely 
unintelligible.  But  the  speech  was  entirely  intelligible  and 
therefore  pitch  is  not  the  distinguishing  element  between  letter 
sounds. 

Definition  of  Vowels  and  Consonants 

A  vowel  is  a  definite  sound  pattern  which  repeats  itself  at 
intervals,  while  a  consonant  is  a  definite  sound  pattern  occur- 
ing  but  once.  The  consonant  sound  pattern  must  exist  at 
least  for  0.01  second,  in  order  to  be  perceived  by  the  brain, 
0.01  second  being  the  minimum  perception  time  for  speech 
sounds.  The  vowel  sound  patterns  proper,  are  about  0.01 
second  in  duration,  but  as  they  repeat  themselves  again  and 


M6 


FLOWERS:  TRUE  XATURE  OF  SPEECH 


[Feb.  9 


again,  ir.ay  be  of  any  duration  the  speaker  desires.  Under 
this  definition,  the  consonants  are  b,  c  =  k,  d,  g,  j,  k,  p, 
t.  ar.d  the  vowels  are,  a,  c  =  s,  e,  f,  h,  i,  1,  m,  n,  o,  r,  s,  u,  v,  w 
=  uo,  y,  z. 

Written  language  is  made  up  of  consecutive  pattern  pictures, 
one  pattern  or  form  standing  for  each  letter  of  the  alphabet, 
and  the  eye  is  able  to  distinguish  between  them  if  they  approxi- 
mate the  standard  form.  Likewise,  spoken  language  is  made 
up  of  consecutive  pattern  pictures,  one  pattern  or  form  stand- 
ing for  each  letter  of  the  alphabet,  and  I  show  in  another  paper 
not  yet  published,  how  the  ear  is  able  to  distinguish  between 
them  when  they  approximate  a  standard  form. 

In  reading  a  submarine  cable  message  on  the  tape,  the  eye 
must  pick  out  the  pattern  forms  of  each  letter.  That  the  eye 
can  read  these  messages  as  fast  as  ordinary  writing  is  kno\^Ti 
to  all  cable  operators.  Spoken  language  is  similarly  a  succes- 
sion of  these  diiTerent  pattern  forms,  strung  along  one  after 
the  other,  and  the  ear  distinguishes  each  of  these  pattern  forms 
as  it  arrives  in  the  consecutive  order  of  utterance,  even  as  the 
eye  distinguishes  pattern  forms  of  written  or  submarine  cable 
languac;e. 


-      G      QlS'tationand 


t      f     I     ceex     perses 


Cable  Me>>aue    Received  by  the  \V.  U    Telegraph  Co..  Febrlary 
11,  lyio,  <>VER  AN  Atlantic  Cable 


Speech  may  be  whis:.)ered  usin^  no  voice  .without  movement 
of  the  vocal  churds'.  This  tact  was  deicmnned  by  actual 
observation  of  quiet  vocal  cl:ords  during  a  whispered  word, 
••ah." 

Distinction  between  Si^eech  .\nd  Voice 

N(»ic  the  distinction  between  sv-eech  and  voice  and  where 
each  is  ])rc>dnccd.  viz.,  voice  by  the  vocal  chords  and  speech 
throui^h  variation  in  tlie  intensity  <>f  the  compressed  air  forced 
through  the  tr.roat.  mc»i::h,  and  nasal  cavity.  This  variation 
in  intensity  is  acc^jmy-lished  by  the  action  of  the  muscles  of  the 
throat  and  mouth.  Each  person  has  a  slightly  different  pitch 
of  voice,  men  low  and  wc»men  high.  An  average  man's  voice 
has  a  pitch  lying  between  85  and  ItiO  complete  \'ibrations  per 
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second,  while  the  average  woman's  voice  has  a  pitch  lying  be- 
tween 150  and  320  complete  vibrations  per  second.  Thus,  the 
pitch  of  one  person's  voice  is  different  from  another's. 

But  speech  may  be  produced  by  whispering,  that  is,  using 
no  voice,  and  whispered  speech  always  has  the  s'ame  sound,  no 
matter  who  is  the  speaker,  man  or  woman.  Any  person  can 
determine  this  by  his  own  observation,  getting  someone  to 
whisper  with  him  and  comparing  the  sound  of  the  whispers. 
No  difference  in  the  sound  of  the  whispers  can  be  heard.  In 
other  words,  during  a  whsper,  speech  is  independent  of  the 
vocal  chord  action. 

All  previous  speech  records  have  been  taken  of  spoken  or 
sung  words  and  none  of  whispered  words  on  account  of  the 
lack  of  instruments  sufficiently  sensitive  to  record  whispered 
speech.  The  resulting  spoken  records  contained  the  funda- 
mental tones  and  overtones  of  the  vocal  chords  as  well  as  the 
mouth-tones  and  their  variations  combined  in  so  complex  a 
cur\'^  that  no  one  has  as  yet  succeeded  in  deciphering  them. 


Tbin  Carbon 

Tiny  Carbon  Balls 
Carbon  Cup 


Section  of  Acousticon  Transmitter  for  Whispered  Speech 

I  found  that  the  acousticon  transmitter  hooked  up  to  the 
Einthoven  string-galvanometer,  as  shown  in  the  sketch  here- 
with, were  very  satisfactory  instruments  for  making  records  of 
whispered  speech,  as  they  are  both  marvelously  sensitive  instru- 
ments. On  account  of  whispered  speech  being  independent  of 
vocal  chord  action,  it  was  decided  to  make  photographic  records 
of  it  from  which  to  determine  by  careful  study  the  true  nature 
of  speech.  It  is  evident  that  the  whispered  speech  records  will 
not  show  the  voice-tones  and  overtones  but  will  simply  show 
the  mouth-tones  and  their  variations  in  intensity.  It  is  easy 
to  follow  the  variation  in  intensity  of  one  or  two  tones  on  the 
whispered  speech  records  and  thus  pick  out  the  intensity  pattern 
for  each  letter  sound  which  I  call  the  phonographic  alphabet. 
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The  diaphragm  is  made  of  very  thin  carbon  and  so  covers 
the  recesses  in  the  carbon  block,  without  touching  it,  as  to 
prevent  the  tiny  carbon  balls  from  falling  out.  The  sketch  shows 
how  the  acousticon  transmitter  collects  sound  from  a  large 
area  and  by  a  reflecting  system  concentrates  it  on  the  middle 
of  the  carbon  diaphragm.  There  is  no  spring  pressing  on  the 
diaphragm  and  it  is  believed  that  the  diaphragm  moves  like  a 
piston  with  the  rarefactions  and  compressions  of  the  sound 
waves.  It  is  a  highly  damped  instrument  due  to  the  weight 
of  the  carbon  balls  pressing  against  the  diaphragm  resisting  its 
motion. 

Description  op  Method  of  Making  Whispered  Speech- 
Pattern  Pictures 
The  acousticon  transmitter  was  placed  in  a  large  sound-proof 
telephone  booth  and  supported  by  suspension,  free  of  all  vibra- 
tion. The  diagram  shows  how  the  speech  current  flows  from 
the  acousticon  through  the  storage*  battery  cell,  through  the 
resistance,  through  the  telephone  receiver,  through  the  primary 
side  of  the  induction  coil,  and  back  to  the  acousticon;  on  the 
secondary  side  of  the  induction  coil,  the  speech  current  flows 
through  the  string  of  the  galvanometer.  The  string  galva- 
nometer is  an  electrical  instrument  having  a  fine  silver-plated 
quartz  fiber,  0.0001  in.  thick,  supported  between  two  poles  of 
a  huge  electromagnet.  Through  a  hole  in  the  magnet  poles,  a 
powerful  ray  from  an  arc  lamp  is  focused  upon  this  quartz  fiber 
or  string.  By  means  of  another  system  of  lenses,  the  image 
of  the  string  is  focused  upon  a  slot  in  the  rotating  dnim-camera. 
When  a  speech-current  flows  through  this  galvanometer  string,the 
string  vibrates  back  and  forth  in  a  direction  at  right  angles  to 
the  lines  of  force  of  the  magnet,  and  its  lightest  motion  is  mag- 
nified 900  times  by  the  lens  system.  The  shadow  of  the  string 
vibrates  back  and  forth  on  the  camera-shutter  almost  exactly 
in  proportion  to  the  speech  sounds.  The  camera  photographs 
the  vibrating  shadow  of  the  galvanometer  string.  A  word  is 
whispered  repeatedly,  and  the  speech  is  listened  to  in  the  tele- 
phone receiver  as  a  check  on  the  articulation  of  the  words. 
When  the  shadow  of  the  galvanometer  string  moves  back  and 
forth  about  two  inches,  a  lever  is  pressed,  the  electrically  opera- 
ted camera-shutter  is  held  open  for  one  revolution  of  the  wheel 
and  a  photographic  record,  five  feet  long,  of  the  word  whispered 
is  obtained.     Extra-rapid  film  was  exposed  and  good  photo- 
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graphs  obtained  at  rates  varying  from  1000  feet  to  one  mile  per 
minute.  The  rate  of  1080  ft.  was  used  mostly  in  this  work  as 
it  gave  a  record  with  good  intervals  between  crests  of  speech- 
waves,  the  best  record  to  analyze.  By  interrupting  the  light 
from  the  arc  lamp,  500  times  per  second,  vertical  lines  were 
photographed  upon  the  film  at  intervals  of  0.002  second  by  a 
specially  constructed  time-wheel,  for  the  necessary  time  record. 
For  a  consideration  of  the  theory  of  the  string  galvanometer, 
I  refer  to  Dr.  A.  C.  Crehore  on  the  **Theory  of  the  String  Gal- 
vanometer," Phil.  Mag.,  vol.  28,  August,  1914.  The  amount 
of  air  and  electromagnetic  damping  of  the  movement  of  the 
galvanometer  string  was  large   enough,  so  that  the  motion  of 


Wfieel,  eOXircumference 


iriTniKveri  Galvanometer 


Induction  Coil 


Res.   Battery 


the  string  corresponded  almost  exactly  to  every  coni])oncnt  of 
the  impressed  speech  currents,  and  the  resulting  speech  records 
should  be  regarded  as  being  as  nearly  correct  records  of  speech 
as  can  be  obtained  by  any  recording  instrument. 

Speech  patterns  of  the  same  letter  sound  are  almost  exactly 
identical  for  all  persons  and  independent  of  age  or  sex  of  s])caker. 
Five  hundred  records  were  obtained  of  three  men's  speech  and 
one  woman's  speech  which  prove  this. 


The  Pattern  Forms  of  the  Natural  Alphabet 
Each  of  the  letters  has  its  own  pattern  form.     All  following 
records  are  of  whispered  speech,  except  Nos.  1   and  2. 
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Curve  1 —  u  in  yu 

_  Showing  fundamental  tone  of  voice  to  be  140  to  200  cycles  per  second. 
U  equals  1100  cycles  per  second  superposed  upon  the  lower  note  in  defi- 
nite pattern  form.     Male  voice,  spoken  record. 


1      * 


I 


V 


i. 


\m 


CiRVK  2 — u  in  yu 

Fundamental  tone  of  voice  shows  250  cycles  per  second.  U  shows 
1050  cycles  superposed  upon  250  cycles  per  second  in  definite  pattern 
form.     Female  voice,  spoken  record. 


V< 


W^ 


'     ' 


■M' 


I  ' 


*,*. 


Curve  3 — a  in  ao 

a       shows  2500  cycles  per  second  su])crposed  upon  500  cycles  per  second 
in  definite  pattern  form.      (Repeating  pattern  picture.) 


1 

1 

i  1 

'^.1 
/• 

*' 

Curve  4 — b  in  bay 

b       shows  special  pattern  picture. 
C       equals  S. 
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Curve  5— d  in  day 
d       shows  special  pattern  picture. 


.\ 


f; 


v. 


f¥ 


I,   ''.^^     t 


A 


iOV 


Curve  6 — e  in  me 
e       in  me,  shows  2500  cycles  per  second  superposed  on  200  cycles  per 
second  in  special  pattern  picture.     (Repeating  pattern  picture). 


4>fVM-i  H'HrH4t+^ 


Curve  7 — f  in  fee 
f        in  fee,  shows  alternation  of  1000  and  2500  cycles,  special  pattern . 
(Repeating). 


*    p  I. 


Curve  8 — g  in  go 
g       in  go,  shows  special  pattern  picture. 


hUrAhF-.:   J  Hit  SATIRE  'JF  SPEECH  [Feb.  9 


Ci  kVE  9 — h  in  hi 
:n   hi,   shows  special   pattern  picture.      (Repeating;. 
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CtkVE  K) — 1  in  mi 

r       bhows   17(XJ  cycles  in   special   pattern   picture.      (Repeating;. 


Ci  kvi-:    11— i  in  hi 

1        sl.«;'A.-.  'J«>()0  t<^  2700  cycles  in  special  pattern  ]>icture.      (Repeating). 


Ci  KVE    12 — i  in  Joe 
r.h'.ws  :^000  cycles  for  0.01   sec.  2500  cyjles  for  0.05  second,  2000 
jycles  for  0  01   sc(  on«i  in  special  pattern  picture. 
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Curve  13 — k  in  ko 
k       shows  special  pattern  picture. 


^v^'v4-4'*'  -iv  4  r!*'f — J 


Curve  14 — 1  in  lo 

1        shows  alternation  of  2500  and    1000  cycles  per  second    in  special 
pattern  picture.      (Repeating). 


^^^  M^  MHIMi  IM  ^^  ^  IM  M%  M  liV 


Curve  15 — m  in  my 
m      shows  1200  cycles  for  0.01  second,  silence  0.006  second,  1200   cycles 
for  0.01   second  in  special    pattern   picture.      (Repeating). 


AfJA^I^^^ 


Curve  16 — n  in  ne 
n       shows  1100  cycles  with  silence  following  in  special  pattern    picture. 
(Repeating). 


♦  I 


I  1 
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*  r    r  ^ 
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Curve  17 — o  in  toe 
O       shows  1000  cycles  in  special  pattern  picture.     (Repeating). 
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CiRVE   18 — p  in  pd 
p       shows  special   pattern   picture. 

q        equals  kvu. 


^Vt/; 


.Iv^^^i^s, 


^1^  f  i  r\ 


Ci  RVE  19 — r  in  ro 
r        shows  alternation  of  1000  and  1250  c\  cles  in  special  pattern  picture. 
(Repeating). 


WM'l'4''Wt44M^' 


Ci  RVE  20 — s  in  say 
S        shows   1000  alternating    with    2000    cycles    per    second    superposed 
upon    1000  cycles   per  second.      ( Repeating V 


Cl  RVE  21 — t  in  to 
t        shows  special   pattern  picture. 
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Curve  22 — u  in  tu 
U       shows  1100  cycles  in  special  pattern  picture.     (Repeating). 


^H''i''i''^4'f'l^yf^H^ 


Curve  23 — v  in  ve 
V       shows  1000  and  2500  cycles  alternating  in  special  pattern  picture. 
(Repeating). 
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Curve  24 — uo  =  w  in  we 
W      in  we,  shows  u  equals  1050  cycles;  same  special  pattern  as  u  passing 

into  O    equals    1000   cycles.     (Repeating). 
X       equals  eks 


y       equals  U  1 
y       equals  T 


,vU^>^  ;v*V  ^'^  W  ry  S;  ,'^|-'^  AM.^  'Af^vj*  ^Kr i  'A\ 


^^s 


Curve  25 — z  in  zee 
Z       shows  5000  and  2000  cycles  per  second  alternating  over  1000  cycles 
per  second  in  special  pattern  picture.     (Repeating). 
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From  Helmholtz's  formula  for  resonance  of  a  spherical  cavity 
with  a  small  opening, 

where  n  equals  pitch  of  resonance  of  cavity, 

r  equals  radius  of  opening  of  cavity, 

R  equals  radius  of  cavity, 

a  equals  33,226  centimeters, 
we  can  calculate  the  natural  resonance  tones  of  the  mouth 
while  uttering  speech.  I  have  done  this  and  find  that  the 
resonance  tones  for  the  mouth  vary  from  800  to  3000  cycles 
per  second,  depending  on  the  opening  of  the  mouth.  From  our 
records,  we  find  the  pitches  upon  which  whispered  speech  is 
uttered  to  be  also  from  1000  to  3000  cycles  per  second.  This 
only  shows,  however,  that  pitch  is  an  unavoidable  characteristic 
of  speech  sounds.  From  the  known  facts,  that  a  phonograph 
talking  record  may  be  run  at  more  than  twice  the  normal  speed 
so  that  the  speech  tones  must  vary  through  more  than  a  full 
octave  and  the  speech  is  still  quite  intelligible,  it  is  conclusive 
that  pitch  is  not  the  main  characteristic  of  speech  sounds. 
That  intensity  variation  is  the  main  characteristic  of  speech 
sounds  is  well  shown  by  the  whispered  speech  records  given, 
where  no  characteristic  pitch  is  shown  for  b,  d,  g,  k,  p,  t,  but 
only  definite  pattern  pictures.  When  the  speed  of  the  phono- 
graph is  increased,  this  pattern  is  shortened  and  distorted  as 
we  hear,  but  its  main  form  is  retained  and  we  judge  it  as  nearly  . 
the  same  as  the  sound  at  the  correct  speed  and  therefore  are 
able  to  understand  the  speech.  The  pitch  of  speech  sounds, 
then,  only  exists  as  a  carrier  of  the  speech-variations.  In  an- 
other paper  not  yet  published  on  the  Nature  of  Hearing  and 
Perception,  it  is  shown  how  pattern  forms  operate  memory 
cells,  and  how  we  thus  perceive  the  letter  sounds  of  speech. 

In  general,  the  pattern  form  persists  for  at  least  0.01  second 
and  if  the  letter  sound  is  sustained,  the  pattern  repeats  itself 
again  and  again.  See  pattern  picture  of  letter  o  sound,  curve 
No.  IT.  One-hundredth  second  is  the  perception  time.  This 
is  proved  in  the  paper  mentioned  above.  Therefore  the  mouth 
is  a  device  for  producing  patterns  of  the  necessary  length  and 
repeating  them  for  sure  perception. 

Repetitions  of  pattern  pictures  of  letter  sounds  (several 
times  to  make  up  a  letter  sound;  see  record  of  vowel  o,  curve 
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English        Phonographic 
Alphabet         Alphabet 

0.01  Sec         0.01  Sec 


Submarine 

Cable 
Alphabet 


^V- 


^. 


=d:: 


rv/^^/> 


^JTl 


No.   17,)  are  due  to  simultaneous  excitatory  and  inhibitory 
action  of  impulses  on  same  or  opposing  muscles  in  the  mouth 

or  throat .  At  one  moment 
excitatory  impulse  over- 
balances inhibitory  im- 
pulse, then  a  maximum 
appears  on  the  speech 
ciuve;  when  the  excitatory 
and  inhibitory  impidses 
balance  by  interference 
(equal  pull  on  muscle) 
no  or  little  amplitude 
is  shown  on  o  curve.  "  A 
slight  and  rapid  muscle 
tremor  is  regularly  pro- 
duced by  the  simultaneous 
play  of  excitation  and  in- 
hibition on  one  muscle,  just 
as  '  progression '  and  other 
rhythmic  movements  are 
regularly  produced  by  the 
simultaneous  play  of  exci- 
tation and  inhibition  on 
antagonistic  muscle  pairs. 
One  muscle  can  actually 
receive  excitatory  and  in- 
hibitory influences  simul- 
taneously, and  this  condi- 
tion residts  in  a  pectdiar 
and  characteristic  muscle 
'  tremor'.'*  (Sherrington 
C.S.,  "Nervous  Rhythm," 
Proc.  Roy.  Soc,  1913,  Ser. 
B,  86, 219-232;  Forbes,  A., 
"Reflex  Rhythm  induced 
by  concurrent  excitation 
and  inhibition,"  Proc. 
Roy.  Soc,  1912,  Ser.  B, 
85,  289-298.) 

The  repeated  use  of  patterns  is  the  physiological  basis  of 
memory. 
I  conclude  from  an  exhaustive  search  of  500  vowel  and  con- 
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ciiiiii   (\irvrs,  that  an  accumulator  or  memory  cell  exists  in 
il.r.   Ill  am   for    each   letter  sound,  detecting  a  definite  picture 

.0«ctTVc»l  R«on«tor  Circurts. 


Electro-magneticalfy 
^•^operated' Recording  Pen 


Cylinder  of  Paper 
0^or\  Rotating  Metal 
cylinder 


^  Screw  causing  cylindef 
"^to  rise  1  line  space 
each  revolution 


FiG.l — General  Akkancement  and  Wiring  Diagram   of  the  Voice- 
Operated     Phonographic     Alphabet     Wriitni;     Machine 


pattern,  such  as  that  of  the  letter  o  which  has  a  simple  character 
of  varying  am])litudes,  but  rej^cats  this  character  or  picture 
pattern  about  100  times  a  second.     Since  it  takes  0.01  second 
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to  perceive  a  picture  pattern  (perception  time  for  sounds),  this 
seems  the  right  length  of  time  (0.01  second)  for  a  definite  picture 
pattern  to  last  and  then  to  have  repetition. 

Having  shown  that  speech  is  made  up  of  a  set  of  pattern 
pictures  of  sound  waves  called  the  phonographic  alphabet ,  it 
seemed  feasible  to  design  and  construct  a  machine  which  would 
record  speech  automatically  in  ink  on  paper  in  the  form  of  this 


Tuned  Magnetic  Strip 


Selenium  Cell 


Blank  Space 
Uns    \  Shade 

Tungsten  or  other  point  light 
Direct  Light  Beam 
Crankpin 

German  silver  connecting  rod 


SIDE  ELEVATION 


Minor- 


Tuned  Magnetic  Strip 

Crank-shaft  mounted  in  jewel  bearings 


Crank-pin  0.004'from  center  line  of  shaft 
PLAN 
Fig.  2 — Mechanical  ARRANciEMEXT  of  Mirrok-Movinc,    Mechanism 
OF  THE  Voice-Operated  Phonographic  Alphabet  Writing  Machine 


easily  read  compact  system  of  natural  characters  called  the 
phonographic  alphabet.  This  machine  has  been  carefully  de- 
signed and  will  be  completed  in  the  near  future. 


Voice-Operated  Phonographic  Alphabet  Writing 

Machine 

Fig.  1    shows  a  wiring  diagram  and  general  arrangement  of 

the  elements  of  this  machine.     Notation  on  the  sketch  explains 

the  function  of  the  diflerent  parts  of  the  device.     Fig.  2,  in 
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plan  and  elevation,  shows  the  mechanical  arrangement  of  each 
electrical  resonator  circuit  and  how  the  resistance  of  the  selen- 
ium cell  is  varied  by  the  differences  in  the  amount  of  light  com- 
ing from  the  vibrating  mirrors. 

Method  of  Operation,  On  reference  to  Fig.  1,  it  is  evident  that 
by  talking  into  the  telephone  transnMtter,  speech  currents  are 
caused  to  flow  into  the  elfectrical  resonator  circuits.  An  au4ion 
may  be  used  as  a  relay  if  desired,  to  increase  the  strength  of 
the  voice  currents.  That  resonator  which  is  tuned  to  the  main 
tone  of  the  speech  at  ^ny  instant,  will  respond,  the  cu;rrent 
existing  in  it  at  any  moment  varying  in  strength  according  to 
the  speech-variation.  The  magnetic  strip  placed  over  the  poles 
of  the  electrical  resonator  magnet  will  vibrate  powerfully  (if 
the  electrical  tuning  of  the  electrical  circuit  and  the  mechanical 
tuning  of  the  magnetic  strip  are  of  the  same  tone  as  the  tone  of 
the  speech).  On  reference  to  Fig.  2,  it  is  seen  that  the  vibra- 
ting magnetic  strip  causes  the  connecting  rod  to  oscillate  the 
tiny  shaft  held  in  jewel  bearings.  The  connecting  rod  is  pinned 
to  the  tiny  shaft  only  0.004  in.  from  the  center  line  of  the  shaft. 
In  this  way,  a  motion  of  the  magnetic  strip  of  0.0001  in.  will 
cause  angular  motion  of  the  tiny  shaft  of  Ij  degrees.  A  mirror 
fixed  to  this  tiny  shaft  will  oscillate  with  it  and  cause  the  beam 
of  light  from  the  tungsten  or  other  lamp  to  be  reflected  onto 
the  selenitmi  cell.  In  the  normal  position  of  rest  the  mirror 
reflects  the  light  beam  onto  a  blank  space  at  the  middle  of  the 
selenium  cell  box  where  it  has  no  effect  on  the  selenium  cell. 
When  the  reflected  beam  of  light  oscillates,  both  parts  of  the 
selenium  cell  on  each  side  of  the  blank  space  will  be  illuminated 
and  the  resistance  of  the  selenium  will  be  decreased,  allowing 
more  current  to  pass  through  it  from  the  battery  and  causing 
the  electromagnetic  recording  pen  to  trace  a  wavy  line  on  the 
paper  sheet  fastened  to  the  revolving  platen. 

To  illustrate  the  method  of  operation:  Let  the  word  "go" 
be  spoken  into  the  telephone  transmitter.  From  our  table  of  the 
letters  of  the  phonographic  alphabet  we  shall  expect  the  recording 

pen  to  write  **go"  in  the  form  of  (•-g-*l»-o-*l  .  It  is  known  from 
my  research  that  there  are  present  in  the  sound  of  a  man's  speech, 
principal  tones  of  100  cycles  per  second  (the  fundamental  tone 
of  a  man's  voice),  200  cycles  per  second  (the  1st  overtone  of  the 
man's  voice),  and  a  tone  of  approximately  1000  cycles  per 
second  (the  resonance  tone  of  the  mouth  for  the  o-position.) 
These  three  tones  will  be  moulded  or  varied  in  intensity  simul- 
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taneously  by  the  muscles  of  the  throat  and  mouth,  first  in  the 
g-form  (a  sudden  explosion  of  the  three  tones)  and  then  in  the 
o-form  (a  qtdck  waxing  and  waning  of  the  three  tones.)  Three 
tuned  electrical  resonating  circuits  marked  respectively  100, 
200  and  1000  cycles  will  simultaneously  respond  to  the  three 
tones  and  three  beams  of  light  will  oscillate  over  the  face  of 
the  selenium  cell,  each  vibrating  after  the  same  pattern  at 
the  same  instant  of  time.  The  current  in  the  selenium 
cell  and  in  the  recording-pen  magnet  will  vary  in  strength, 
first  according  to  the  g  and  then  to  the  o-form,  causing  the 
writing  in  ink  on  the  rotating  paper  cylinder  of  f  ^^  .  In  the 
same  way,  all  letter  sounds  are  written  and  we  thus  have  a 
visible-writing  machine  recording  our  thoughts  as  rapidly  as 
we  speak,  in  the  natural  alphabet. 

This  work  was  conducted  by  cooperation  of  the  Dept.  of 
Physiology,  College  of  Physicians  and  Surgeons,  New  York, 
and  the  Underwood  Typewriter  Co. 


232  TRUE  NATURE  OF  SPEECH  [Feb.  9 

Discussion  on  "The  True  Nature  of  Speech"  (Flowers), 
New  York,  Feb.  9.   1916 

H.  B.  Williams:  Mr.  Flowers  has  made  a  definite  and  valu- 
able contribution  to  the  physiology  of  speech  by  showing  that 
in  whispered  speech  the  vowel  frequencies  are  very  nearly  the 
same  for  all  adult  individuals. 

His  theory  that  the  peculiar  curves  he  obtains  at  the  beginning 
of  spoken  or  whispered  syllables  where  the  first  sound  in  a-  con- 
sonant is  due  to  variations  in  intensity  of  the  vowel  sounds,  is 
ingenious  and  interesting,  but  I  believe  the  curves  admit  of  a 
different  interpretation.  Such  curves  could  undoubtedly  be 
.  analyzed  into  a  number  of  higher  frequencies  and  the  fact  that 
in  all  of  the  curves  of  consonant  sounds  there  are  marked  depart- 
ures from  the  sine  wave  form  lends  color  to  the  view  that  higher 
frequencies  may  be  present. 

To  record  all  frequencies  of  a  complicated  sound  in  proper 
relative  amplitude,  the  recording  instrument  should  have  a 
natural  period  higher  than  the  highest  component  by  at  least 
one  power  of  ten. 

The  galvanometer  employed  by  Mr.  Flowers  for  most  of  his 
work  had  a  natural  period  not  far  from  250  and  was  critically 
damped.  If  the  accessory  apparatus  was  arranged  so  as  to  give 
satisfactory  amplitude  when  this  instrument  was  executing  forced 
vibrations  at  the  rate  say  of  2000,  a  rate  of  four  or  five  times 
that  would  be  almost  entirely  smoothed  out.  For  this  reason  I 
think  it  unwise  to  draw  too  sweeping  conclusions  from  records 
obtained  by  this  method. 

The  experiment  of  running  a  phonograph  at  different  speeds 
and  securing  clear  articulation  might  be  also  explained  by  the 
assumption  that  the  sound  is  recognized  by  the  association  of  a 
number  of  frequencies  which  bear  a  definite  relatipn  to  each 
other.  No  one,  so  far  as  I  am  aware,  has  ever  assumed  that 
the  speech  sounds  were  characterized  by  a  definite  absolute 
frequency. 

L.  T.  Robinson:  It  seems  to  me  in  the  paper  now  before  us 
and  in  a  great  many  previous  writings,  we  have  gone  too  far  on 
the  assumption  that  the  electrical  wave  was  the  sound  wave. 
There  is  enough  difficulty,  perhaps,  in  recording  the  electrical 
wave;  but  there  is  a  tremendous  difficulty,  in  my  own  mind,  in 
making  that  leap  from  the  sound  wave  to  the  electrical  wave. 
I  have  done  vinough  work  in  this  line  to  convince  myself  that 
in  most  cases  the  sound  wave  and  the  electrical  wave  are  quite 
differont. 

Albert  C.  Crehore:  I  have  had  some  experience  with  the 
galvanometer  which  has  made  these  records,  for  another  kind 
of  work,  a  study  of  the  nerve  transmission.  Here  the  galvano- 
meter is  practically  short  circuited  through  the  induction  coil 
and  for  that  reason  the  electromagnetic  damping  is  very  great. 
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In  the  case  of  the  work  I  was  doing,  there  are  ten  thousand, 
twenty  thousand  or  thirty  thousand  ohms  in  a  little  section  of  the 
nerve  that  conies  in  so  that  it  is  a  comparatively  undamped 
vibration. 

There  is  one  thing  which  Mr.  Flower*swork  has  almost  estab- 
lished, and  that  is  where  he  has  differentiated  between  whispered 
speech  and  speech  involving  the  vocal  chords.  The  consistency  ob- 
tained in  these  curves  for  whispered  speech  in  different  individuals, 
whether  male  or  female,  is  very  striking,  and  there  must  be  some 
foundation  for  it.  I  do  not  mean  to  have  you  understand  that  the 
curves  which  are  here  given  represent  accurately  the  current  or  the 
sound  wave  necessarily.  Whether  they  do  or  not,  you  can  com- 
pare the  consistency  of  them — I  mean  to  say  if  under  similar 
conditions,  you  have  a  constant  result,  it  has  a  meaning  irre- 
spective of  the  fact  whether  it  is  a  true  record  or  not.  In 
using  such  a  galvanometer  we  always  take  the  control,  that  is, 
place  a  known  potential  suddenly  across  the  terminals  and  observe 
the  deflection  and  time  record.  This  is  invariably  done  dur- 
ing the  course  of  any  work  with  the  galvanometer,  because  you 
can  change  the  tension  of  the  string  at  a  moment\s  notice.  I 
would  like  to  see  a  control  curve  showing  the  condition  of  the  gal- 
vanometer for  these  records.  I  assume  that  the  string  was  slack 
and  had  a  very  low  period  of  vibration,  necessarily,  because  there 
is  not  sufficient  energy  to  get  results  otherwise.  But  under  these 
conditions  we  are  recording  forces  or  vibrations  with  a  string 
whichisabsolutely  damped,  and  there  would  be  no  over-shooting 
of  the  string  if  you  should  deflect  it.  Imagine  the  string  at  the 
top  point  of  any  one  of  the  curves,  where  the  force  suddenly  re- 
verses; if  the  same  force  had  been  left  on  indefinitely,  the  curve 
would  have  risen  up  far  beyond  its  base,  so  that  it  is  not  a  true 
record  of  the  force  that  is  there  at  any  given  moment  if  we 
calibrate  the  instrument  with  direct  currents.  The  average 
force  is  practically  zero,  and  so  you  ha\e  a  wandering  zero. 
I  do  not  think  that  detracts  to  any  material  extent  from  the 
deductions  you  can  make  from  the  records,  even  though  the  curve 
which  Mr.  Flowers  gives  as  an  ali)habet  may  have  to  be  modified. 

William  Maver,  Jr.:  In  Dr.  William  Hanna  Thompson's 
work  ** Brain  and  Personality,"  in  debating  the  manner  in  which 
the  nerves  and  muscles  of  the  body  are  trained  and  controlled, 
he  remarks  that  certain  instances  to  which  he  has  referred  of 
highly  trained  muscles  cannot  be  compared  for  comj)lexity  and 
difficulty  with  the  training  of  the  muscular  organ,  the  tongue, 
for  the  movements  necessary  for  articulate  si)eech.  An  animated 
orator,  he  adds,  has  to  make  a  greater  number  of  raj)idly  suc- 
ceeding and  yet  perfectly  adjusted  contractions  and  relaxations 
of  his  muscles  of  articulation  than  any  famous  })erformer  on  a 
musical  instrument.  Mr.  Flowers  apparently  has  accomplished 
the  difficult  feat  of  photograi)hing  the  rapidly  varying  vibrations 
due  to  these  rapid  yet  perfectly  adjusted  contractions  and  relax- 
ations of  the  muscles  of  articulation. 
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In  accord  with  other  writers  on  the  general  subject  of  the 
fixation  of  knowledge  in  the  brain,  Mr.  Flowers  expresses  his 
belief  that  a  particular  brain  cell  receives  the  impression  of  a 
given  pattern  picture.  In  this  relation,  Mr.  Flowers  later  points 
out  that  when  one  becomes  familiar  with  the  phonographic 
alphabet  he  will  be  able  to  read  it  as  easily  and  as  intelligently 
as  the  telegraph  operator  reads  the  signals  used  in  submarine 
telegraphy. 

We  might  find  an  analogy  to  the  view  that  particular  brain 
cells  respond  to  given  pattern  pictures  in  the  case  of  certain 
printing  telegraph  systems.  For  instance,  the  Baudot  system, 
much  used  in  Europe.  In  this  system  combinations  of  five 
pulsations  of  positive  and  negative  current  are  transmitted  over 
the  \\4re  for  the  letter  of  the  alphabet,  a  different  combination 
for  each  letter.  According  to  the  manner  in  which  these  pulsa- 
tions of  current  arrive,  certain  relays  M^-ill  be  operated,  and  these 
relays  in  turn  will  select  the  letter  represented  by  a  given  com- 
bination of  pulsations,  by  bringing  the  desired  letter  on  a  type- 
wheel  opposite  a  paper  strip,  on  which  the  letter  is  immediately 
printed.    This  is  termed  in  the  art.  selective  printing  telegraphy. 

As  a  matter  of  interest,  it  is  quite  as  accurate  to  say  that  the 
Morse  telegraph  is  also  a  selective  system  of  telegraphy,  whether 
the  signals  transmitted  by  that  system  are  received  on  a  paper 
strip  as  dots  or  dashes,  or  by  audible  dots  and  dashes,  so-called. 
In  receiving  messages  by  sound,  the  ear  transmits  the  combina- 
tions of  dots  and  dashes  representing  given  letters  of  the  alphabet 
to  the  brain  cells  that  have  been  trained  for  this  purpose,  sq- 
called  memory  cells,  and  the  brain  cells  concerned  respond  to 
the  given  combination  of  signals,  and  we  or  the  something  within 
us  which  I  think  Dr.  Thompson  would  term  our  personality, 
recognizes  tli^  signal  for  what  it  is  meant.  Correspondingly, 
the  trained  brain  cells,  or  as  we  would  say  in  telegraph  phrase- 
ology, the  properly  adjusted  brain  cells,  which  receive  through 
the  eye  their  impressions  of  Mr.  Flowers'  j)honographic  alphabet, 
respond  by  vibrating  or  otherwise  in  such  manner  that  again 
our  personality  recognizes  the  impressions  for  what  they  are 
meant. 

Perhaps  for  the  purpose  of  assisting  in  illustrating  the  foregoing, 
we  can  utilize  Fig.  1  in  Mr.  Flower's  paper.  Let  us  consider  the 
tuned  electromagnets  in  the  diagram  as  the  equivalent  of  the 
memory  cells  of  the  brain  which  have  been  attuned  or  adjusted 
to  special  rates  of  vibration,  or  otherwise  suitably  adjusted,  by 
frequent  visual  repetition  of  the  pattern  pictures.  Now,  whether 
the  memory  cells  when  stimulated  by  the  pattern  picture  are 
the  equivalent  of  a  selenium  cell  or  the  equivalent  of  an  electri- 
cally operated  recording  pen  for  the  interpretation,  deponent 
saith  not.  Perhaps  Mr.  Flowers  will  have  some  enlightenment 
for  us  on  this  subject  in  his  forthcoming  paper  on  the  natiu'e  of 
hearing  and  perception. 

'William  J.  Hammer:  Regarding  Mr.  Flowers  application  of 
the  selenium  cell  in  his  work,  permit  me  to  say  that  while  people 
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with  limited  experience  ridicule  the  employment  of  the  selenium 
cell  because  of  its  unreliability,  its  inertia,  etc.,  I  wish  to  say 
that  I  have  frequently  demonstrated  its  reliability,  and  some  of 
its  many  practical  applications,  were  shown  before  the  Insti- 
tute at  its  joint  meeting  with  the  American  Electrochemical 
Society  on  April  17th,  1903  during  my  lecture  on  **Radium, 
Selenium,  etc.",  at  which  time  I  operated  5-h.p.  motors  and  gen- 
erators, fired  cannon,  turned  lights  on  and  off,  talked  over  a 
beam  of  light,  etc.,  by  means  of  selenium  cells  and  an  acetylene 
lamp,  and  the  proper  relays  and  switches. 

As  illustrating  in  a  remarkable  manner  the  sensitiveness  of 
the  selenium  cell  to  sound  recording  reproductions  and  trans- 
mission, I  beg  to  call  the  members'  attention  to  Mr.  Ernest 
Ruhmers  photographophone  which  I  described  at  my  lecture  in 
1903,  and  which  I  personally  operated  in  Berlin  in  1902. 

In  these  extraordinary  experiments,  when  one  talked  in  a  tele- 
phone transmitter  connected  in  a  shunt  circuit  of  an  arc  lamp 
it  caused  the  light  to  vary  as  a  manometric  flame.  The  light 
beams  were  passed  through  a  cylindrical  lens  in  the  front  of  a 
moving  picture  camera  and  photographed  in  striations  of  vary- 
ing width  and  intensity  upon  the  moving  film.  After  the  film 
was  developed  and  put  back  into  the  box  and  the  arc  lamps 
replaced  (but  now  burning  steadily)  the  striations  on  the  film 
acted  like  slats  in  a  shutter  to  allow  more  or  less  light  to  pass 
through  the  film  and  to  then  fall  upon  a  selenium  cell  in  the  back 
of  the  box.  To  this  cell  a  j^air  of  telei)hone  receivers  was  con- 
nected, through  the  intermediary  of  which  the  original  message 
could  be  distinctly  heard. 

Let  me  further  remind  the  members  of  the  comparatively 
recent  and  entirely  successful  transmission  of  pictures  through 
the  intermediary  of  the  selenium  oell,  from  Paris  to  London,' 
across  the  English  Channel,  the  pictures  appearing  in  the  Lon- 
don papers  within  a  few  hours. 

L.  W.  Chubb:  I  have  made  some  tests  to  check  some  of  the 
present  theories  of  speech  and  vowel  sounds.  The  theory  of 
constant  frequency  and  mouth  resonance  for  vowel  sounds,  was 
disproved  both  by  the  phonograph  test,  also  tried  by  Mr.  Flowers 
and  by  the  singing  of  vowels  at  a  note  of  higher  fundamental 
frequency  than  the  su])posed  frequency  of  the  vowel.  As  an 
example  the  vowel  "oo"  is  supposed  to  be  re])rescnted  by  the 
resonance  or  amplification  of  harmonic  frequencies  around  400 
cycles  per  second,  and  yet  the  vowel  or  a  word  containing  it 
could  be  distinguished  when  sung  several  notes  above  high  C. 

The  results  of  such  tests  and  the  disagreement  between  spoken 
and  whispered  vowel  sound  waves,  makes  me  feel  that  the  reso- 
nance at  constant  frequency,  although  present,  is  not  the  distin- 
guishing feature  of  the  sound. 

Is  it  not  possible  that  Mr.  Flowers'  pattern  theory  is  correct 
and  that  the  resonance  of  certain  frequencies  in  certain  sounds, 
is  unconsciously  produced  by  the  speaker  so  as  to  combine  adja- 
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cent  hannonic  components  in  such  a  way  as  to  get  a  low  frequency 
pattern  or  beat? 

Comfort  A.  Adams:  Dr.  Kennelly  has  done  a  large  amount 
of  work,  both  theoretically  and  experimentally,  in  analyzing  the 
connection  between  the  vibration  of  a  telephone  receiver  dia- 
phram  and  the  current  producing  it,  as  well  as  the  relation  of  the 
deflection  of  an  oscillograph  system  to  the  current  producing  it, 
over  a  wide  range  of  frequencies.  On  the  oscillograph  end  of  this 
work,  in  which  I  have  been  much  interested,  we  have  found  that 
the  record  is  fairly  accurate  up  to  within  a  comparatively  small 
percentage  of  resonance.  That  is,  there  must  be  no  appreciable 
harmonics  of  that  order  in  the  current  being  measured.  Theo- 
retically the  problem  is  extremely  difficult  when  all  the  ntmierous 
variables  are  considered,  but  fairly  reliable  results  can  be  ob- 
tained, when  the  limitations  of  the  instrument  are  appreciated. 
Otherwise  it  is  very  easy  to  be  badly  misled  by  oscillograph 
records. 

A.  C.  Crehore:  In  my  remarks  upon  Mr.  Flowers'  paper, 
I  had  in  mind  chiefly  the  application  of  the  string  galvanometer 
for  recording  such  waves  as  are  shown  in  the  illustrations  in  the 
paper.  It  seemed  inopportune  to  introduce  a  theoretical  dis- 
cussion of  the  galvanometer  in  connection  with  this  paper  merely 
because  I  have  worked  out  the  theory  of  it.  There  is  a  great  deal 
to  be  said  about  it  and  of  a  very  complex  nature.  We  have  to 
study  nothing  less  than  the  complex  motions  of  a  stretched  string. 
Think  of  it,  if  you  please,  as  a  violin  string  set  in  motion  not  by  the 
bow  acting  at  a  single  point  of  the  string,  but  by  the  magnetic 
field  distributed  in  some  way  along  most  of  the  length  of  the 
string,  the  force  thus  being  applied  to  many  parts  of  the  string 
simultaneously  and  in  varying  amounts,  and  we  have  a  partial 
statement  of  the  problem  to  be  solved. 

So,  in  my  remarks,  I  had  hoped  that  you  would  accept  the 
statement  as  given  without  proofs  that  the  movement  of  the 
string  under  the  conditions  imposed  by  Mr.  Flowers'  problem 
could  not  possibly  be  an  exact  reproduction  either  of  the  waves 
of  sound  or  of  the  current  in  the  string,  but  it  might  approximate 
it  closely  if  the  conditions  were  properly  met.  To  have  emphasized 
this  point  at  some  length  by  these  proofs  would  have  seemed  to 
detract  from  the  merits  of  Mr.  Flowers'  findings,  for  I  believe 
it  to  be  feasible  to  obtain  results  of  some  value  with  an  instrument 
which  does  not  record  the  exact  sound  waves  but  yet  shows 
much  valuable  detail,  as  this  instrument  does.  We  may  be  assured 
that  if  similar  results  are  obtained  on  the  films  in  different  in- 
stances the  probability  is  very  strong  that  similar  sound-waves 
caused  the  records  to  be  alike.  This  is  where  I  think  Mr.  Flowers 
has  made  a  real  contribution  to  our  knowledge. 

It  is  my  conviction  that  the  records  are  at  best  approxima- 
tions with  all  existing  instnmients  and  this  is  the  reason  that 
a  theory  of  the  instnunents,  is  so  much  to  be  desired.  It  tells 
why  the  records  are  approximations  and  what  must  be  done  to 
make  the  approximation  closer. 
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The  way  in  which  the  magnetic  field  Is  distributed  along  the 
Tength  of  the  string  is  of  prime  importance  in  the  resulting  mo- 
tions of  the  string.  In  instruments  as  now  constructed  this 
field  is  uniform  as  nearly  as  this  condition  can  be  readily  ob- 
tained over  nearly  the  entire  length  of  the  string.  If  the  field 
were  exactly  uniform  the  proof  is  very  simple  that  the  curve 
asstmied  by  the  string  is  the  arc  of  a  circle  under  the  action  of  a 
steady  direct  current,  no  matter  how  great  the  deflection.  This 
fact  gives  rise  to  certain  complex  motions  of  the  string,  each  cor- 
responding to  the  terms  of  a  Fourier  series  expressing  this  cir- 
cular arc,  that  is,  when  variable  currents  are  applied.  The 
simplest  possible  manner  of  the  field  distribution  along  the  string, 
so  far  as  the  resulting  motion  of  the  string  is  concerned,  is  that 
of  a  sine-curve,  the  field  strength  being  a  maximum  at  the  center 
and  tapering  according  to  the  sine  law  towards  both  ends. 
With  such  a  field  the  curve  assumed  by  the  string  under  the 
action  of  a  direct  current  is  also  that  of  a  curve  of  sines,  which, 
therefore,  is  expressible  by  the  first  term  only  of  a  Fourier  series. 
The  motions  of  the  string  under  these  conditions  are  the  simplest 
possible,  and  the  complete  solution  of  the  motion  of  the  string, 
for  any  kind  of  a  current  is  known.  This  solution  is  complex 
enough,  to  be  sure,  but  it  is  safe  to  use  this  solution  as  a  basis 
for  making  certain  deductions,  and  if  it  is  apparent  in  this 
simpler  case  that  the  string  can  not  follow  exactly  such  sound 
waves  as  Mr.  Flowers  applies  to  it,  so  much  the  more  would 
this  be  true  for  the  more  complex  solution  in  the  ordinary  case  of 
uniform  field  distribution.  This  solution  in  the  case  of  the  sine- 
wave  distribution  of  the  field  for  a  simple  harmonic  e.  m.  f. 

e  =  El  cos  o)i  t  =  f  (/)  (1) 

is,  for  the  periodic  portion  of  the  motion  alone, 

=     ^0^  cos  (cji/  —  €i)  .      w  X  .„. 

where  y  is  the  deflection  of  any  element  of  the  string  at  the  dis- 
tance X  from  one  end  of  it,  and  /  the  length  of  the  string.  Hq 
is  the  strength  of  the  magnetic  field  at  its  maximum  point  in 
the  center  of  the  string,  p  the  mass  of  the  string  per  unit  of 
length,  and  R  the  total  resistance  of  the  circuit,  in  which  the 
inductance  is  supposed  to  be  negligible.  These  and  the  other 
quantities  in  this  equation  except  /  are  constants,  and  the  equation 
gives  the  motion  of  the  string  as  a  function  of  the  time.  The 
phase  angle  6,  is  such  that 

tan  6i  =  — ^ -,  (3) 
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and  the  constants  Hi  and  ki  in  terms  of  the  pn^ierties  of  the 
string  and  the  air  damping  factor  k  are 


»i 


I  P 


and 


ti  =  t  + 


(4) 


When  the  e.  m.  f.  is  a  complex  function  of  the  time,  it  is  ex- 
pressible as  a  Poorier  series  d  cosine  terms,  and  the  resulting 
complex  motion  of  the  string  is  then  merely  the  sum  of  a  series 
of  terms,  each  similar  to  (2;  in  which  oii  and  €i  take  different 
Tables,  all  other  quantities  remaining  the  same  as  before.  An 
easy  way  to  see  these  results  is  by  means  of  specific  examples, 
illustrated  as  curves.    Since  the  observations  on  the  string  are 


Fig.  1 


usually  made  at  its  central  point,  where  x  =  //2,  we  may  first 

V  X 

simplify  (2)  above  by  making  sin  — r-  =  1,  and  writing  yo  for 

y,  this  meaning  the  deflection  of  the  center  of  the  string.  The  • 
curves  that  are  instructive  are  the  relations  between  the  deflec- 
tions of  the  string  produced  per  tmit  of  current  as  the  frequency 
alone  varies,  keeping  the  resistance  of  the  circuit  constant. 
Curve  I,  Fig.  1,  is  such  a  curve  plotted  from  (2),  showing  an  in- 
crease in  the  deflection  per  ampere  up  to  a  critical  frequency  of 

1000 

-= — ,  and  then  rapidly  falling  off  for  a  further  increase.    The 

character  of  this  curve  is  much  affected  by  the  particular  resist- 
ance originally  assigned,  and  the  resonance  effect  is  more  pro- 
nounced the  greater  the  resistance.  Curve  II  represents  the 
same  thing,  the  only  difference  being  that  the  resistance  originally 
chosen  for  the  circuit  is  one- tenth  of  previous  value  and  the  im- 
pressed volts  also  one- tenth, the  current  being  the  same.  Curve  III 
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shows  a  further  decrease  to  a  one-tenth  value  in  the  resistance 
and  volts,  the  current  being  the  same  in  the  three  curves.  The 
resonance  effect  has  entirely  disappeared  in  these  latter  two 
curves.  From  (2)  the  maximum  value  of  the  deflection  may  be 
wr'tten 

or  at  the  critical  frequency,  when  tii  =  coi,  this  is  simplified  to 
Yo  Ho  E 


r,= 


ki  w 


■  '"'"■('  +  ^) 


(7) 


And  if  the  damping  factor 


2pR 


is  small  compared  with  the 


Fig.  2 


quantity  k,  the  air  damping  factor,  the  deflection  at  this  critical 
frequency  with  the  same  current  and  frequency  is  almost  exactly 
inversely  as  the  resistance  of  the  circuit,  as  is  evident  in  these 
three  curves. 

If  the  value  of  ni  is  reduced  to  one  third  of  its  value  for  these 
three  curves  by  increasing  the  tension  on  the  string,  we  would  get 
a  curve  like  IV  for  the  same  resistance  in  circuit  as  that  in  Curve 
I.  This  shows  a  much  sharper  resonance  point.  The  voltage 
and  current  for  this  curv^e  are,  however,  increased  so  as  to  give 
the  same  deflection  for  a  direct  current  or  a  zero  frequency. 

Another  set  of  instructive  curves  are  those  showing  the  changes 
in  the  phase  angle  6i  (3)  with  a  change  in  the  frequency,  other 
things  remaining  unchanged.  Some  of  th  ^se  are  shown  in  Fig.  2, 
Curve  I  being  that  corresponding  to  Cur\'e  I  of  Fig.  1,  where  the 
critical  frequency  is  such  that  coi  =  1000,  and  resistance  the 
same  as  in  that  curve.  A  decrease  in  the  resistance  alone  will 
change  this  curve  into  one  like  Curve  II.  Curves  III  and  IV 
are  a  similar  pair  for  the  case  of  greater  string  tension,  III  cor- 
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responding  to  IV  in  Fig.  1.  The  phase  angle  is  zero  in  each 
case  at  the  critical  frequency,  and  changes  from  90®  at 
zero  frequency  through  zero,  to  approach  —90®  at  very  great  fre- 
quencies. 

We  now  come  to  the  consideration  of  the  case  that  applies  to 
the  condition  of  the  galvanometer  in  Mr.  Flower's  records. 
The  frequencies  that  he  records  are  far  above  the  critical  fre- 
quency, which  is  determined  by  the  string  tension,  and  we  are 
then  working  at  a  point  on  the  curves  at  some  di.stance  to  the 
right  of  the  peaks  of  the  deflection  curves  in  Fig.  1 .  If  we  had  to 
deal  with  a  single  sine-wave  voltage  alone  of  varying  intensity 
and  definite  frequehcy,  the  record  would  give  deflections  strictly 
proportional  to  this  voltage,  but  if  th^  frequency  decreased  we 
would  get  a  slightly  different  deflection  for  the  same  voltage. 
The  fact,  however,  that  these  curves  may  change  very  slowly  in 
height  with  an  increase  of  frequency  when  we  are  far  removed 
from  the  critical  frequency  goes  to  show  that  the  approximation 
to  proportionality  may  be  fairly  close  over  a  certain  range  of 
frequencies,  although  it  can  never  be  exact. 

Similarly  the  phase  angle  also  may  remain  fairly  constant 
over  a  certain  range,  but  this  phase  angle  does  not  make  much 
difference  if  we  only  have  to  record  a  single-sine-wave.  The 
making  of  the  record  is  merely  delayed  a  constant  fraction  of  a 
cycle  behind  the  current  in  the  string.  It  is  when  two  or  more 
harmonic  forces,  that  go  to  make  up  the  complex  waves  with 
which  we  are  concerned,  are  present  simultaneously  that  the 
phase  angle  or  the  time  lag  becomes  important.  To  illustrate 
the  case  suppose  there  are  but  two  waves  and  the  one  double 
the  frequency  of  the  other.  The  phase  lag  of  each  may  be  very 
large  for  high  frequencies  approaching  90°.  This  would  mean 
that  the  absolute  shift  in  time  would  be  twice  as  much  for  the 
slower  wave  as  for  the  faster,  and  that  their  relative  shift  amotmts 
to  one  quarter  cycle  of  the  higher  frequency  wave.  If  the  original 
waves  coincided  in  phase,  the  zeros  of  the  higher  frequency  com- 
ing at  the  zeros  and  the  maxima  of  the  slower  wave,  they  never 
would  so  coincide  in  the  record,  but  the  zeros  of  the  lower  fre- 
quency would  come  at  the  maxima  of  the  higher  frequehcy. 
This  condition  would  not  give  anything  like  a  true  record  of  the 
original,  but  it  might  answer  some  purposes  if  one  were  studying 
one  particular  frequency. 

Curve  II,  Fig.  2  shows,  however,  that  this  phase  lag  may  not 
only  be  fairly  constant  over  a  considerable  range  but  that  it 
may  also  be  zero  over  this  range  as  well.  In  this  condition  the 
relative  phases  are  not  displaced  and  the  record  should  approach 
quite  closely  the  current  in  the  string  in  form  with  the  under- 
standing that  all  the  lower  frequency  waves  are  magnified 
in  amplitude  a  little  more  than  the  higher  ones.  So  we  see  that 
it  is  possible  with  a  string  galvanometer  to  record  a  complex 
wave  in  an  approximately  correct  form  but  only  approximate. 
It  is  evident,  also,  from  the  preceding  remarks  that  it  will  not 
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do  to  calibrate  this  galvanometer  by  means  of  a  direct  current, 
and  expect  that  for  each  deflection  observed  in  the  high  frequency 
record  the  current  is  the  same  as  that  due  to  a  direct  current  of 
the  same  intensity.  Curve  III,  Fig.  1  shows  this.  The  current 
is  the  same  throughout  this  curve,  and  the  small  deflection  at  the 
high  frequencies  is  in  great  contrast  to  the  large  one  at  the  origin 
where  the  current  is  steady.  If  at  any  point  of  the  record  save 
where  the  current  is  zero  one  should  suddenly  maintain  the 
current  then  existing,  fixed,  the  deflection  of  the  string  would  in 
general  go  way  out  of  the  field,  becoming  very  large.  If,  how- 
ever, you  are  so  well  acquainted  with  your  instrument  as  to  know 
its  constants  and  exactly  what  you  are  doing,  the  calibration  with 
direct  currents  together  with  the  use  of  a  theory  will  give  the 
deflections  to  be  expected  at  any  frequency. 

I  have  illustrated  this  subject  by  the  use  of  an  ideal  string 
galvanometer,  the  like  of  which  does  not  exist,  and  have  shown 
that  we  may  only  hope  to  get  a  fairly  close  approximation  in  any 
case  to  the  current  in  the  string,  and  have  not  said  anything 
about  the  phase  shifting  effects  of  the  induction  coil  and  tele- 
phone transmitter  as  being  beyond  the  scope  of  my  remarks. 
If  we  should  employ  an  actual  string  galvanometer,  whose 
magnetic  field  is  approximately  uniform  throughout  the  string, 
the  approximation  would  not  be  so  close  as  that  obtained  with 
this  one.  In  skilled  hands  this  instrument  is  capable  of  giving 
results  that  can  be  relied  upon,  but  it  is  important  to  know  its 
constants,  and  to  understand  the  theory  of  it  in  order  to  arrive 
at  those  conditions  which  will  give  the  closest  approximation  to 
any  desired  result.  When  there  is  a  complete  knowledge  of  these 
things  it  is  possible  to  apply  the  theory  to  certain  records,  and 
correct  the  records  to  give  the  probable  true  currents  in  the 
string. 

The  curves  which  I  have  used  to  illustrate  my  remarks  are  not 
those  which  apply  directly  to  the  condition  of  the  galvanometer 
as  Mr.  Flowers  has  used  it.  In  his  case  the  electromagnetic 
damping  is  the  larger  of  the  two,  and  in  these  curves  I  have 
supposed  that  the  air  damping  is  the  greater. 

J.  B.  Taylor:  This  pa])er  may  be  discussed  from  several  dif- 
ferent points  of  view: 

First,  the  connection  between  the  nature  of  speech  and  elec- 
trical engineering. 

Second,  the  correctness  of  the  i.)hoto«^n*aphic  records  offered,  as 
representing  the  form  of  the  associated  sound  wave. 

Third,  the  correctness  and  originality  of  the  theory  favored  by 
the  author  based  on  these  phoiograj^hic  records  or  on  his  other 
data. 

Fourth,  assuming  the  theory  to  be  correct ,  how  closely  may  the 
author's  "  pattern  pictures  "  for  the  alphabet  from  A  \o  Z  be 
taken  to  represent  the  true  ])atterns? 

Fifth,  can  a  voice-operated  machine  l)e  made  along  the  lines 
described  to  write  definite,  readable  characters  when  spoken 
into? 
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The  nature  of  speech  is  quite  as  proper  a  subject  for  considera- 
tion by  electrical  engineers  as  any  of  the  problems  of  telephony, 
since  for  perfect  speech  transmission,  there  must  be  exact  cor- 
respondence between  the  sound  waves  produced  by  the  complex 
actions  of  the  speech  mechanism,  the  mechanical  motions  of 
telephone  apparatus  and  also  of  the  transmitted  current  as 
modified  by  resistance,  reactance,  capacity,  permeability  and 
hysteresis  of  iron,  etc.  Theoretical  and  practical  difficulties 
all  along  the  line  prevent  perfect  sound  transmission.  The 
telephone  user,  conversing  easily  day  after  day,  often  fails  to 
realize  the  dependence  which  is  placed  on  context  and  is 
at  a  loss  to  explain  the  diflBculty  of  understanding  proper  names, 
figures  and  unfamiliar  words.  Note  the  changes  which  have  been 
made  in  telephone  call  letters  in  the  attempt  to  reduce  mistakes, 
and  the  special  telephone  language  which  is  springing  up  to 
fiuther  assist  in  this  direction.  Any  attempt  to  improve  tele- 
phone apparatus  and  transmission  or  transformation  conditions 
must  have  as  foundation,  knowledge  of  the  essence  of  speech  and 
a  knowledge  of  the  relative  importance  of  the  different  factors, 
so  that  where  compromise  must  be  made,  the  more  necessary 
speech  factors  will  be  the  least  disturbed.  These  remarks  apply 
as  well  to  **  loud-speaking  "  telephones  for  train  announcing  and 
similar  uses,  and  perhaps  with  even  more  force,  to  the  rapidly 
developing  field  of  radio-telephony  where  many  new  devices 
and  remarkable  transformations  are  brought  into  play. 

Regarding  the  photographic  records,  it  should  be  borne  in 
mind  that  these  were  made  with  the  help  of  a  string  galvano- 
meter. While  this  has  high  current  sensibility,  as  compared 
with  an  oscillograph,  its  natural  period  is  perhaps  300  or  400 
per  second  against  the  figures  6000  to  10,000  for  the  oscillograph. 
This  would  call  for  some  correction  on  all  of  the  curves,  and 
indicate  markedly  different  appearance  in  those,  such  as  nimibers 
3,  6,  7,  11,  12,  14,  20,  23  and  25,  where  the  author  assigns  fre- 
quencies of  2()00  to  3000  cycles  and  in  the  last  case  up  to  5000 
cycles  per  second.  No  mention  is  made  of  the  natural  frequency 
of  the  acousticon  transmitter  and  diaphragm  with  its  connected 
parts  and  closely  associated  air  cavity.  In  my  study  of  sounds 
and  telephone  currents  with  the  oscillograph,  I  have  foimd  the 
form  and  adjustment  of  the  transmitter,  a  highly  variable  factor 
in  the  resulting  record.  For  example,  in  A.I.E.E.  Transactions, 
Vol.  XXVIII,  1909,  Part  II,  page  1169  oscillograms  are  shown, 
made  with  different  transmitters.  Though  the  records  differ 
greatly  in  appearance,  the  inexpert  telephone  user  would  prob- 
ably notice  no  difference  in  the  receiver. 

Bearing  on  this  criticism,  Mr.  Flowers  has  replied  that  the 
correctness  of  his  records  was  checked  by  constructing  a  selenitun 
cell  phonograph  and  that  the  reproduced  sound  was  distin- 
guished as  being  the  same  vowel  or  consonant  originally  uttered. 
Such  a  test  I  believe  shows  merely  that  much  liberty  can  be 
taken  with  the  shape  of  a  sound  wave,  as  is  actually  done  with  the 
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regular  telephone,  and  still  have  recognizable  speech.  I  base 
this  statement  principally  on  some  tests  in  which  several  tandem 
conversions  were  made  from  electric  current  to  sound,  back  to 
current  and  again  to  sound,  with  oscillograph  examination  at  the 
different  stages. 

Many  experimenters  and  observers  have  studied  the  nature 
of  speech  and  numerous  devices  have  been  employed  to  analyze 
or  record  the  sound  wave.  We  may  mention  the  phonautograph 
of  Leon  Scott,  spherical  resonators,  sensitive  flames,  diaphragms 
arranged  to  deflect  a  beam  of  light,  diaphragms  set  up  as  part 
of  an  interferometer,  motion  of  soap  films,  study  of  telephone 
currents  by  resonant  circuits,  oscillograph  or  string  galvanometer 
and  by  microscopic  examination  or  enlarged  transcribing  of 
phonograph  records. 

Following  some  of  the  theories  as  to  the  nature  of  speech  of- 
fered as  a  result  of  these  studies  and  also  by  independent  cut- 
and-try  methods,  various  attempts  have  been  made  to  construct 
machines  which  under  proper  manipulation  would  talk  or  at 
least  produce  one  or  more  of  the  speech  vowel  tones. 

As  "regards,  the  consonants,  it  is  quite  generally  agreed  that 
these  are  not  properly  sounds  but  merely  different  fashions  of 
beginning  or  ending  certain  other  sounds.  The  very  name  itself, 
consonant,  indicates  that  it  is  something  that  goes  along  with  the 
sound  rather  than  being  sonant,  or  a  sound  of  itself.  Of  all  the 
possible  speech  sounds,  there  are  of  course  many  which  are 
neither  definitely  vowel  nor  consonant  in  character.  Mr. 
Flowers  quotes  Helmholtz  to  this  effect  on  the  second  page  of 
his  paper  and  as  far  as  the  consonants  are  concerned,  his  records 
and  conclusions  appear  to  be  in  agreement  with  the  generally 
accepted  view. 

The  theory  of  speech,  however,  about  which  there  has  been  and 
still  is  a  pronounced  difference  of  opinion,  relates  to  the  vowel 
sounds  and  here  opinion  has  been  principally  divided  between 
what  is  called  the  **  harmonic  "  theory  and  the  **  absolute  pitch  " 
theory. 

According  to  the  harmonic  theory,  one  vowel  is  distinguished 
from  another  in  the  same  way  as  are  two  different  styles  of  organ 
pipes,  by  the  number  and  relative  magnitude  of  partials  consisting 
of  fundamental  and  harmonic  over-tones.  To  demonstrate  the 
correctness  of  this  theory,  elaborate  sets  of  electrically  operated 
tuning  forks  with  associated  resonators,  for  controlling  intensity 
of  sound  sent  out  from  each,  have  been  constructed.  Although 
a  great  range  of  tone  quality  can  be  produced  with  such  a  set  of 
resonators,  personally  I  have  never  witnessed  the  apparatus 
manipulated  so  as  to  produce  anything  fairly  approaching  a 
speech  vowel.  Nor  could  I  produce  any  of  the  vowels  from  a 
more  complete  apparatus,  consisting  of  a  number  of  electrical 
generators  in  harmonic  series  with  arrangements  for  controlling 
the  intensity  of  each. 

In  the  early  analysis  of  speech,  it  was  found  that  certain 
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resonators  responded  readily  to  a  given  vowel  tone,  more 
or  less  irrespective  of  the  pitch  of  a  speaker's  or  singer's  voice. 
This  fact  coupled  with  unsatisfactory  results  obtained  from  the 
series  of  harmonic  forks,  brought  many  adherents  to  the  absolute 
pitch  theory.  If  pitch  alone  were  the  essence  of  vowels,  they  should 
be  heard  frequently  from  a  pipe-organ  or  from  an  orchestra. 
Such,  however,  is  not  the  case.  I  have  made  phonograph  tests 
(similar  to  that  cited  by  Mr.  Flowers)  some  years  ago  and  agree 
with  his  conclusions  on  this  point.  Incidentally  and  as  indicat- 
ing the  great  caution  which  must  be  taken  when  using  the  phono- 
graph to  determine  the  essence  of  speech  or  study  the  quality  of 
a  sound,  I  may  mention  that  Professor  D.  C.  Miller  several 
years  ago,  at  the  Cleveland  meeting  of  the  American  Association 
for  the  Advancement  of  Science,  operated  a  phonograph  at 
normal  and  at  reduced  speed  to  show  his  audience  that  one  vowel 
would  change  into  another — in  other  words  to  show  the  correct- 
ness of  the  **  fixed  "  or  absolute  pitch  theory,  the  indentical 
experiment  which  Mr.  Flowers  cites  to4emonstrate  the  incorrect- 
ness of  the  same  theory.  The  difficulty  lies  in  too  much  psy- 
chology in  proportion  to  the  amount  of  physics.  Having  reason  to 
doubt  the  sufficiency  of  either  of  the  prevailing  theories,  or  both 
in  combination,  I  attempted  to  get  at  the  root  of  the  matter  by 
observing  and  recording  telephone  currents  with  an  oscillograph. 
The  first  of  these  records  was  taken  in  1904  and  the  reproduction 
of  a  telephone  current  appearing  on  page  212  of  Vol.  XXIV  of 
the  A.  I.  E.  E.  Transactions  for  1905,  is  the  earliest  publication 
of  such  a  record  that  I  am  aware  of. 

My  records  are  not  closely  comparable  to  those  in  Mr.Flowers's 
paper  for  reason  that  he  has  limited  his  discussion  to  whispered 
sounds,  whereas  I  gave  attention  principally  to  the  sustained 
open  vowels.  Of  these,  the  starting  point  is  naturally  the  A 
(as  in  far.)  This  is  the  vowel  which  is  produced  by  the  voice 
mechanism  with  the  muscles  in  the  normal  or  relaxed  position. 
It  is  the  vowel  on  which  the  baby  naturally  cries,  and  it  is  exten- 
sively used  in  our  vocabulary,  as  also  in  that  of  every  other  lan- 
guage. This  sound  however,  does  not  appear  among  Mr. 
Flower's  photographs  nor  in  his  alphabet  of  pattern  pictures. 
This  is  because  our  alphabet  is  largely  a  series  of  arbitrary  names 
for  certain  written  or  printed  characters  which  in  turn,  in  use 
may  have  any  one  of  several  different  sounds.  A  more  complete 
phonetic  alphabet  would  have  instead  of  26  letters,  approximately 
twice  as  many  sounds  of  which,  without  going  into  the  fine  shades 
of  pronunciation,  some  14  or  15  would  take  the  place  of  the 
present  5  character  names  for  the  open  vowels. 

I  have  previously  described  the  sound  A  (as  in  far)  as  consisting 
of  a  series  of  relatively  high  frequency  vibrations  following  a  * 'curve 
of  intensity."  In  the  case  of  my  own  voice  the  vibrations  proper 
come  at  the  rate  of  720  per  second  with  an  intensity  cycle  fol- 
lowing a  fairly  definite  ciirve  at  the  rate  of  around  100  per  second. 
The  720  cycles  are  subject  to  little  or  no  control,  while  the  100 
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cycles  (which  is  the  pitch  of  the  voice)  may  be  lowered  or  raised 
to  the  pitch  I  may  desire  to  speak  or  sing  without  materially 
changing  the  720  cycles.  Three  typical  oscillograph  records  with 
the  voice  differently  pitched ,  are  shown  in  Fig.  3  and  3a.  If  curves 
of  this  character  are  analyzed,  as  is  frequently  done  by  Fourier's 
series,  the  fundamental  is  practically  absent  and  a  long  list  of 
harmonics  each  with  a  particular  phase  relation  is  needed  to 
approximate  the  record.  Some  experimenters  have  maintained 
that  given  a  tuning  fork  for  each  of  the  harmonics  shown  by  the 
analysis,  that  the  vowel  sound  could  be  produced  synthetically, 
but  this  I  doubt  unless  special  means  were  provided  to  secure 
also  the  definite  phase  relations  indicated  by  the  analysis. 
Furthermore,  it  appears  probable 
that  the  720-cycle  vibrations  are  not 
always  regularly  continued  from  one 
intensity  cycle  to  the  next,  so  that 
the  harmonic  series  of  tuning  forks 
could  not  be  made  to  match  the  voice 
vibrations  in  this  respect.  The  situa- 
tion is  analogous  to  the  damped  wave 
trains  of  spark  telegraphy.  The  spark 
frequency  may  be  120  cycles  per 
second  (there  being,  however,  no 
radiation  of  wave-length  correspond- 
ing to  this  frequency),  though  the 
tone  which  is  heard  is  of  the  spark 
frequency  and  the  actual  vibration 
frequency  is  not  sensed.  Other  vowel 
sounds  may  be  similarly  though  not 
so  simply  described.  If  the  essence 
of  the  vowels  is  an  intensity  cycle 
recurring  with  a  rapidity  which  we 
distinguish  as  the  pitch  of  the  note,  it 
is  evident  that  we  have  something 
here  quite  distinct  from  the  harmonic 
theory  or  the  absolute  pitch  theory. 

I  have  regarded  the  "  curve  of  intensity  **  as  determined  prin- 
cipally by  the  form  of  opening,  and  character  of  vibration  at  the 
vocal  cords.  Thus,  in  the  case  of  the  vowel  A  discussed,  the 
opening  is  rather  sudden  and  the  closing  gradual,  which  regulates 
the  admission  of  air  in  such  a  manner  as  to  cause  the  production 
of  720-cycle  vibrations  from  throat,  mouth  or  nasal  cavities. 
In  other  words,  the  vocal  cords  are  not  the  seat  of  the  sound 
vibration  but  a  throttle  valve  in  a  supply  pipe.  In  this  explana- 
tion, I  differ  from  what  Mr.  Flowers  offers  where  he  speaks  of  the 
mouth  and  the  behavior  of  the  mouth  muscles  as  producing  his 
patterns  in  the  case  of  a  sustained  vowel. 

The  best  evidence  which  I  have  for  my  opinion  rests  on  strobo- 
scopic  observations  of  my  own  vocal  cords,  pitching  the  voice  to 
the  period  of  intermittent  illumination  of  the  rotating  strobo- 
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Pitches 
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scope.  Referring  still  to  the  vowel  A,  the  vocal  cords  were  seen 
to  be  vibrating  at  120  cycles  per  second  (the  intensity  frequency) 
instead  of  720  cycles  (the  principal  sound  vibration  frequency  as 
disclosed  by  the  oscillograph.) 

The  stability  of  the  720  cycles  for  my  own  voice  on  the  vowel 
A  might  appear  to  lend  support  to  the  fixed  pitch  theory.  How- 
ever, at  the  same  time  and  with  the  same  apparatus  with  which 
these  records  were  made,  my  wife's  voice  showed  a  characteristic 
960  cycles  for  the  same  vowel.  For  this  vowel  Helmholtz  assigns 
1096  cycles.  Also  my  records  for  the  vowel  i  (as  in  pique,  and 
more  familiar  in  English  as  ee)  Fig.  4.  show  pronounced  vibrations 
at  around  2000  cycles  which  is  in  fair  agreement  with  the  2500 
figure  given  by  Mr.  Flowers  in  his  ee  sounds.  For  this  vowel 
Helmholtz  gives  2322. 

I  do  not  see  the  justification  for  taking  these  records  with 
whispered  rather  than  with  voiced  sounds.  While  no  special 
training  seems  to  be  required  for  whispering  or  for  understand- 
ing the  whispered  word,  perhaps  too  much  is  taken  for  granted 
in  relying  on  such  records  as  basis  of  design  and  construction  of 
machines  to  operate  with  voiced  words.  The  essential  distinguish- 
ing physical  features  may  not  be  the  same.  I  made  some  obser- 
vations with  whispers  but  felt  that  the  hissing  and  breath  sounds 
were  confusing  and  tending  to  conceal  the  essential  data  sought. 

I  see  no  reason  why  study  and  training  may  not  enable  one  to 
read  the  spoken  word  from  some  form  of  photographic  or  other 
sound  record,  but  such  a  record  would  have  to  be  many  times 
longer  than  a  line  of  type  corresponding  to  the  same  words. 
I  have  given  some  consideration  to  a  visual  device  whereby  a 
trained  deaf  person  might  see  the  word  spoken  by  another,  but 
fear  such  a  reading  is  almost  impossible  of  attainment,  judged 
by  the  speed  at  which  a  printed  page  can  be  read.  Similar 
time  and  space  objections  would  appear  to  hold  in  a  voice- 
operated  machine  of  the  type  outlined  by  Mr.  Flowers.  If  the 
paper  cylinder  rotates  fast  enough  to  make  the  consonants  easily 
distinguished,  the  vowels  and  pauses  will  use  up  yards  and  yards 
for  even  moderate  length  sentences.  Is  there  any  marked  saving 
in  space,  and  why  should  his  special  form  of  record  produced  by 
resonant  circuits,  controlling  mirrors  and  selenitun  cell,  be  as 
accurate  or  any  more  easily  deciphered  than  a  continuous  record 
such  as  would  be  given  by  combination  of  telephone  and  oscil- 
lograph? 

The  problem  is  a  fascinating  one  and  Mr.  Flowers  is  not  the 
first  to  design  devices  nor  to  attempt  the  construction  of  ap- 
paratus. The  earliest  definite  attempt  in  this  line  which  has 
come  to  my  notice,  is  that  of  Barlow  about  1874.  He  called  his 
device  the  "logograph"  and  arranged  an  India  rubber  diaphragm 
about  2J  inches  in  diameter  to  draw  a  line  on  a  moving  strip 
of  paper.  Deflections  of  about  \  inch  were  obtained  as  the 
apparatus  was  arranged.  See  Journal  of  the  Society  of  Tele- 
graph Engineers  (England,  vol.  VII,  1878,  page  65). 
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John  B.  Flowers:  Many  interesting  and  valuable  suggestions 
have  been  added  to  my  paper  on  **  The  True  Nature  of  Speech," 
and  I  have  considered  them  all  with  deep  interest.  To  answer 
them  fully  and  with  the  hope  that  the  reply  would  be  conclusive 
and  definite,  is  not  possible  until  after  the  completion  of  the 
voice-operated  phonographic  alphabet  writing  machine.  With 
a  set  of  pattern  pictures  of  the  speech  sounds  as  produced  by 
this  machine,  it  will  be  possible  to  definitely  establish  such 
important  points  as  were  brought  up  by  Dr.  Williams  and  Mr*. 
Chubb,  that  certain  of  the  vowel  sounds  may  be  pattern  pic- 
tures or  low-frequency  beats  produced  by  combining  resonance 
tones  of  nearly  the  same  pitch.  I  note  with  satisfaction  that 
the  main  idea  of  the  paper  is  pretty  generally  accepted,  viz., 
that  the  speech  sounds  are  each  represented  by  a  special  pat- 
tern or  form  picture  as  shown  in  the  table  called  the  phonographic 
alphabet.  How  absolutely  necessary  it  is  that  a  form  picture 
of  the  sound  wave  should  be  the  means  of  distinguishing  the 
different  alphabet  sounds  one  from  another,  is  well  put  by  Mr. 
Taylor,  when  he  explains  that,  if  a  definite  fixed  pitch  stood  for 
an  alphabet  sound  we  should  often  hear  the  speech  sounds  when 
listening  to  an  orchestra. 

In  reply  to  Mr.  Taylor's  interesting  statement  regarding  the 
formation  of  the  vowel  sounds  as  being  determined  by  the  form 
of  opening,  and  character  of  vibration  of  the  vocal  chords,  I 
have  personally  learned  by  stroboscopic  observation  of  the  vocal 
chords  of  several  persons  by  the  assistance  of  a  throat  specialist, 
that  the  vocal  chords  are  absolutely  quiet  during  the  whispered 
vowel  A  (as  in  far),  the  same  vowel  tried  by  Mr.  Taylor.  This 
then  proves  tjiat  the  formation  of  the  vowel  A  sound  is  not  deter- 
mined by  the  vocal  chords  but  is  due  to  either  the  natural  coming 
together  of  certain  resonance  tones  of  the  throat,  mouth,  and 
nasal  cavities,  thus  forming  low-frequency  patterns  or  beats, 
or  is  an  intensity  variation  controlled  by  the  muscles  of  the 
lungs,  throat  and  mouth,  utilizing  a  muscle  tremor.  In  this 
connection,  it  is  important  to  note  that  the  muscles  of  the 
human  diaphragm  and  lungs  are  mainly  controlled  by  the  phrenic 
nerve  and  are  operated  by  nerve  impulses  varying  between  30 
and  100  cycles  per  second.  The  inference  can  be  drawn  that 
when  the  air  is  expelled  from  the  lungs  l)y  the  diaphragm  muscle 
in  forming  a  vowel  sound,  it  conies  out  in  intensity  pulses  of  a 
definite  shape  and  period  corrcs])onding  to  that  of  the  nerve 
impulse.  I  am  quite  sure  that  this  is  the  explanation  for  the 
•intensity  variation  of  such  a  simjjle  sine  wave  curve  as  that  of 
the  alphabet  sound  O,  curve  No.  17. 

In  answer  to  the  query  why  the  si)ecial  record  obtained  by  the 
voice-operated  machine  of  my  design  would  be  more  condensed 
and  more  easily  deciphered  than  a  combination  of  telephone 
and  oscillograph,  I  submit  the  following  illustration.  Assume 
that  the  word  boat  is  spoken  and  it  is  to  be  recorded  in  the 
phonographic  alphabet.     This  is  the  phonetic  word  bot.     The 
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time  required  for  utterance  is  (for  ordinary  speech)  approximately 
b  in  1/50  second,  o  in  1/4  second,  and  t  in  l/25th  second.  Let 
the  cylinder  of  paper  for  the  record  rotate  at  a  speed  of  3  inches 
per  second;  then  the  pattern  b  is  l/16th  of  an  inch  long,  o  is 
12/16ths  of  an  inch  long,  and  t  is  2/16ths  of  an  inch  long.  The 
resulting  record  occupying  a  space  15/ 16th  inches  long  in  con- 
trast to  that  of  the  typed  distance  of  9/32  inches.  Therefore, 
the  record  of  the  voice-operated  machine  will  be  3  1/3  times  the 
length  of  the  corresponding  letters  if  typed.  It  is  evident  that 
the  combination  of  telephone  and  oscillograph  only  writes  down 
the  compound  speech  curve  without  analyzing  it  into  its  elements 
and  the  resulting  record  has  been  found  so  complex  owing  to  the 
compounding  of  different  tones  and  their  variations  in  intensity, 
that  it  is  practically  impossible  to  decipher  it.  But  the  voice- 
operated  machine  would  have  the  power  of  writing  down  in  the 
form  of  the  phonographic  alphabet  the  variations  in  intensity 
of  any  of  the  speech-tones  which  operate  the  resonating  elements 
of  the  machine  after  analyzing  the  compound  speech  curve  into 
the  tones  of  which  it  is  composed. 
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THE  FUTURE  OF  WATER  POWER  IN  THE 
UNITED  STATES 

BY    CHARLES   W.    COMSTOCK 


Abstract  of  Paper 

This  paper  gives  a  careful  compilation  of  figures  showing 
the  total  fixed  installed  primary  power  in  the  United  States  and 
similar  figures  for  total  mstalled  water  power,  at  the  same  time 
calling  attention  to  the  unreliability  of  statistics  in  general. 
With  these  figures,  those  compiled  by  the  Commissioner  of  Cor- 
porations are  summarized  and  compared. 

The  geographic  distribution  of  installed  water  power  is  consid- 
ered and  many  interesting  facts  revealed  when  these  figures  are 
examined  from  the  viewpoint  of  population  distribution.  A 
study  of  the  development  of  water  power  between  1889  and  1909 
shows  some  interesting  differences  as  compared  with  distribution 
of  manufacturing  power  and  total  developed  water  power. 

The  author  next  takes  up  the  (question  of  the  possibilities  of 
water  power  develbpment  and  points  out  the  fallacy  of  power 
development  waiting  upon  demand  instead  of  creating  it.  The 
immense  field  for  hydroelectric  power  which  a  development  of  the 
electro-chemical  and  electro-metallurgical  industries  would 
create  with  the  success  of  such  industries  abroad  is  cited  and  an 
appeal  made  for  a  Federal  policy  of  encouraging  business  enter- 
prise instead  of  obstructing  it. 

In  presenting  this  paper  before  an  organization  of  elec- 
*  trical  engineers,  I  wish  to  say  by  way  of  preface  that  it  is 
not  electrical,  nor  yet  engineering.  It  is,  if  anything,  economic; 
in  some  degree  comparative,  and  slightly  statistical.  Having  in 
mind  Disraeli's  classification  of  untruths  as  "lies,  damned  lies, 
and  statistics,*'  you  may  know  what  to  expect. 

In  order  to  get  ourselves  properly  oriented,  as  the  surveyors 
say,  it  is  well  to  take  a  bird's-eye  view  of  the  entire  power  field. 
The  total  fixed  installed  primary  power  in  the  United  States,  as 
given  by  the  Census  Bureau,  is  as  follows: 
The  unit  is  the  horse  power. 
Commercial  and  municipal  central  electric  stations, 

1912 7,628,648 

Street  and  electric  railways,  1912 3,666,051 

Steam  road  electrification,  1912 193,956 

Total  electric  installations 11,387,655 

Manufacturing,  1909 16,802,706 

Mines  and  quarries,  1909 4,402,654 

Total  fixed  installed  primary  power 32,592,915 

249 


250  COMSTOCK:  WATER  POWER  (Feb.  19 

The  Census  Bureau  has  a  disconcerting  practise  of  collecting 
some  of  its  data  as  of  the  years  ending  with  two  and  seven,  while 
other  information  is  gathered  for  the  years  ending  with  four  and 
nine.  Our  figures  are,  therefore,  out  of  phase,  the  electric  power 
data  leading  by  216  degrees,  and  we  are  not  strictly  within  our 
rights  in  making  these  numerical  additions,  but  the  results  will 
serve  our  purposes  for  general  comparisons. 

The  figures  here  given  for  manufacturing  and  for  mines  and 
quarries  are  exclusive  of  nearly  two  million  horse  power  classed 
as  rented  power,  which  is  included  under  the  central  electric 
stations.  No  account  is  taken  of  the  power  installed  in  isolated 
plants,  such  as  hotels,  large  mercantile  establishments,  office 
buildings  and  the  like.  The  aggregate  of  these  must  be  very 
large,  but  they  have  not  been  included  in  census  returns,  and  no 
list  of  them  is  believed  to  exist. 

In  addition  to  the  fixed  power,  consideration  must  be  given 
to  the  power  generated  by  steam  locomotives.  There  are  in  the 
United  States  about  65,000  locomotives  in  service.  It  would  be 
absolutely  meaningless  to  add  their  rated  horse  power,  even  if  it 
were  obtainable.  Doubtless  it  exceeds  the  total  fixed  power  of  the 
country.  We  can,  however,  by  an  indirect  method,  approximate 
its  equivalent  in  fixed  power.  In  the  year  ending  June  30,  1914, 
the  railroads  of  the  country  expended,  in  round  numbers, 
$242,000,000  for  locomotive  fuel.  A  small  portion  of  this  fuel 
was  oil,  but  far  the  larger  part  was  soft  coal.  If  the  average  price 
of  this  coal  be  assiuned  at  $2.00  per  ton,  the  locomotives  burned 
121,000,000  tons  (1  long  ton  =  1.01  metric  ton)  of  coal  during 
the  year.  Allowing  26  tons  per  h.p-year  (about  six  pounds 
(2.7  kg.)  per  h.p-hr.),  the  equivalent  continuous  output  is 
4,692,000  h.p.,  or,  with  a  60  per  cent  load  factor,  7,820,000  h.p. 
If  all  the  railroads  in  the  country  were  electrified,  the  necessary 
installed  power  for  their  operation  would  probably  not  be  far 
from  this  latter  figiu-e,  although,  of  course,  the  total  coal  con- 
sumption would  not  exceed  one-third  that  used  under  the  present 
system.  The  fixed  installation,  in  these  circumstances,  would 
then  be  about  120  h.p.  per  locomotive  in  service. 

The  data  are  not  available  with  which  to  estimate  the  power 
used  in  navigation,  and  the  inquiry  would  not  be  pertinent  in 
this  connection,  even  if  we  could  make  the  estimate. 

We  have,  then,  at  the  present  time  in  the  United  States  the 
equivalent  of  at  least  forty  million  horse  power  in  fixed  installa- 
tions, without  counting  the  isolated  plants  already  mentioned, 
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which  must  total  a  very  large  amount,  though  we  have  no  basis 
for  an  intelligent  guess. 

How  much  of  this  is  water  power?  From  the  census  reports 
again,  we  have  the  following: 

Commercial   and   municipal   central   electric   sta- 
tions, 1912 2,471,081  h.p. 

Street  and  electric  railways,  1912 471.307    " 

Steam  road  electrification,  1912 8,000   " 

Total  hydroelectric  installations 2,950.388    " 

Manufacturing,  1909 1,822,888   ** 

Mines  and  quarries,  1909 97,460    " 

Total  installed  water  power 4,870,736   " 

The  installed  water  power  is,  therefore,  14.94  per  cent  of  the 
total  fixed  primary  power,  or  about  12  per  cent  of  all  power, 
including  locomotives. 

In  1908  the  Census  Biu-eau  reported  to  the  National  Conser- 
vation Commission  that  the  developed  water  power  of  the  coun- 
try aggregated  5,356,680  h.p.,  of  which  3,396,103  h.p.  represented 
developments  not  less  than  1000  h.p.,  and  1,960,577  h.p.  were 
smaller  developments.  These  figures,  however,  were  not  limited 
to  actual  installations,  but  included  many  power  sites  only 
partially  developed,  or,  to  quote  exactly,  "imdeveloped  power 
sites  upon  which  some  expenditure  had  been  made." 

In  a  report  to  the  Secretary  of  Conmierce  and  Labor,  dated 
March  14,  1912,  the  Commissioner  of  Corporations  stated  the 
developed  water  power  in  plants  of  1000  h.p.  or  more,  to  be 
4,016,127  h.p.  of  which  2,961,549  was  classed  as  commercial  and 
1,054,578  as  manufacturing.  These  figures  are  of  date  June, 
1911.  The  difference  of  nearly  800,000  h.p.  between  this  estimate 
of  manufactiuing  power  and  the  census  figures  of  1909  is  probably 
to  be  accounted  for  by  small  manufacturing  plants.  To  the 
figures  above  given,  the  Commissioner  adds  2,000,000  for  plants 
of  less  than  1000  h.p.,  making  "a  grand  total,  in  round  ntunbers, 
of  at  least  6,000,000  h.p.  as  the  total  water  power  of  the  United 
States,  developed  and  under  construction  in  June,  1911." 

A  still  further  addition  of  2,638,528  h.p.  is  made  by  the  Com- 
missioner to  cover  "the  undeveloped  power  owned  or  controlled 
by  the  concerns  reporting  developed  power."  This  report  of  the 
Commissioner  of  Corporations  may  be  stunmarized  as  follows: 
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Concerns  having  1000  h,p,  or  more: 

Commercial 2,961,549  h.p. 

Manufacturing 1,054,578   " 

Undeveloped 2,638,528    " 

Total 6,654,655   " 

Plants  of  less  than  1000  h.p.,  about 2,000,000  " 

Grand  Total 8,654,655    " 

This  appears  to  be  the  only  basis  for  the  inaccurate  statement 
made  by  Mr.  George  Otis  Smith,  Director  United  States  Geologi- 
cal Stirvey,  in  an  address  delivered  before  the  Second  Pan- 
American  Scientific  Congress,  on  December  28,  1915,  that  "the 
present  installation  of  water-power  plants  in  the  United  States 
is  estimated  at  8,500,000  h.p."  There  is  an  obvious  difference 
between  an  installed  plant  and  the  mere  ownership  or  control  of 
a  site.  I  know  of  several  power  sites  whose  owners  are  looking 
anxiously  for  someone  to  help  them  let  go  of  the  bear's  tail. 
No  doubt  it  was  such  misuse  of  data  that  prompted  Disraeli  to 
place  statistics  in  the  next  place  beyond  the  damned  lie. 

Taking  into  account  the  fixed  power  equivalent  of  steam 
locomotives,  and  the  certainly  large,  though  unknown,  amount 
of  power  in  isolated  plants,  it  is  probably  safe  to  say  that  the 
actual  water  power  installations  of  the  United  States  aggregate 
not  far  from  10  per  cent  of  the  total  installed  primary  power. 

The  next  point  of  interest  is  the  geographic  distribution  of 
the  installed  water  power.    This  is  shown  in  the  following  table: 


GEOGRAPHIC 

DISTRIBUTION  OF  WATER  POWER 

New  England 

Manufactur- 
ing. 1909 

Central  elec- 
tric stations, 
1912 

Electric  rail- 
ways 1912 

ToUl 

% 

41.5 

26.7 

11.4 

4.8 

10.1 

1.6 

0.2 

1.2 

3.6 

100.0 

% 

7.4 

26.8 

10.0 

4.1 

14.1 

1.5 

0.2 

12.9 

23.0 

100.0 

% 

7.4 

4.1 

8.9 

4.7 

13.6 

0 

0 

4.6 

56.8 

100.0 

% 

20.9 

24.0 

10.8 

4.3 

12.4 

1.3 

0.2 

7.4 

18.7 

100.0 

Middle  Atlantic 

Eatt  North  Central 

West  North  Central 

South  Atlantic 

Eatt  South  Central 

West  South  Central 

Mountain 

Pacific 

The  distribution  of  the  power  used  in  mining  and  quarrying 
could  not  be  learned,  but  the  total  quantity  so  consumed  is 
small,  and,  whatever  its  distribution,  can  not  sensibly  affect 
these  figures. 
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An  examination  of  this  table  reveals  several  interesting  facts. 
One-half  the  population  of  the  United  States  is  east  of  the  wes- 
tern boundary  of  Ohio;  sixty  per  cent  of  the  developed  water 
power  is  east  of  that  meridian.  One-half  the  population  is  north 
of  the  parallel  of  Denver;  seventy-five  per  cent  of  the  developed 
water  power  is  north  of  the  same  line. 

The  Atlantic  coast  states,  from  Maine  to  Florida,  contain  57 
per  cent  of  the  developed  water  power  and  41.3  per  cent  of  the 
population.  The  states  west  of  the  eastern  boundaries  of  New 
Mexico,  Colorado,  Wyoming,  and  Montana  contain  26  per  cent 
of  the  developed  water  power  and  7.5  percent  of  the  population. 
The  great  Mississippi  valley  region,  from  Canada  to  the  Gulf 
of  Mexico  and  from  Pennsylvania  to  Colorado,  contains  rather 
less  than  17  per  cent  of  the  developed  water  power,  with  51.2  per 
cent  of  the  population.  The  three  Pacific  coast  states  alone  con- 
tain 18.7  per  cent  of  the  developed  water  power,  but  only  4.6 
per  cent  of  the  population. 

As  we  shall  see  later,  all  this  has  a  bearing  on  the  alarmist 
talk  about  water  power  monopoly  with  which  we  are  regaled 
from  time  to  time  by  Young-man-afraid-of-his-job  or  some  other 
member  of  a  Federal  bureau,  the  sole  purpose  of  whose  existence 
is  to  seek  out  the  unfortunate  private  citizen  who  has  more  than 
three  dollars,  and  regulate  him.  With  these  gentry  it  is  a  case 
of  "Johnny,  go  out  and  see  what  Willie  is  doing,  and  tell  him 
to  stop  it." 

The  general  character  of  the  evolution  in  the  development  and 
use  of  water  power  is  familiar  to  all.  The  first  water  wheels 
were  installed  to  drive  grist  mills,  saw  mills  and  other  plants 
whose  activities  were  directly  connected  with  the  every-day 
necessities  of  the  people.  Naturally  these  were  in  the  New  Eng- 
land states.  As  the  population  increased  and  its  requirements 
became  less  primitive,  the  power  sites  were  further  developed  and 
applied  to  paper  manufactiire,  the  textile  industries  and  the  like. 
Even  today  41.5  per  cent  of  the  water  power  devoted  to  manu- 
facturing, as  distinguished  from  that  generated  in  central  sta- 
tions and  sold  for  general  commercial  purposes,  is  located  in  New 
England,  and  67.2  per  cent  is  in  New  England,  New  York,  New 
Jersey  and  Pennsylvania.  Nearly  all  the  remainder  is  in  the 
South  Atlantic  states  and  in  the  states  north  of  the  Ohio  and  east 
of  the  Mississippi  river. 

The  water  power  thus  directly  applied  to  manufacturing  in- 
dustries has  not  increased  very  rapidly  for  the  past  twenty  years, 
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and  the  gn>wth  is  likely  to  be  even  less  important  in  the  future. 
In  1889  the  water  power  so  applied  aggregated  1,255,045  h.p. ;  in 
1899—1,454,112  h.p.;  in  1909—1,822,888  h.p.  The  increase 
was  thus  15.9  per  cent  from  1889  to  1899,  25.4  per  cent  from 
1899  to  1909,  and  45.2  per  cent  from  1889  to  1909.  For  the 
same  periods  the  total  power  used  in"  manufacturing  increased 
from  5,938,635  h.p.  in  1889  to  10,097.893  in  1899,  or  70  per  cent 
and  to  18,675,376  h.p.  in  1909,  an  increase  of  85  per  cent  since 
1899,  and  of  214  per  cent  since  1889. 

The  North  Atlantic  states  became  important  manufacturing 
centers  because  of  readily  accessible  and  easily  developed  water 
powers.  Large  populations  grew  up  around  them  and  these 
people  in  turn  constituted  a  market  for  the  manufactured  prod- 
ucts. Thus,  this  region  had  three  of  the  four  requisites  for  a 
successful  manufacttiring  coimtry,  viz:  cheap  power,  ample  labor, 
and  a  near-by  market.  These  advantages  it  still  has  to  a  con- 
siderable extent,  though  the  first  it  is  rapidly  losing. 

In  the  early  nineties,  hydroelectric  development  began  in 
earnest.  The  first  Niagara  plant  (55,000  h.p.)  about  1894,  was 
the  first  important  installation  of  this  character.  In  1^2  the 
aggregate  of  the  hydroelectric  developments  of  the  United  States 
was  438,472  h.p.  in  central  station  installations,  and  49,153  h.p. 
in  electric  railway  plants,  a  total  of  487,625  h.p.  In  1907  these 
had  increased  to  1,349,087  h.p.  in  central  stations,  and  91,961  h.p. 
in  electric  railway  plants,  a  total  of  1,441,048  h.p.  or  nearly  as 
much  as  the  total  installed  water  power  for  manufacturing  pur- 
poses. In  1912  the  central  station  installations  had  become 
2,471,081  h.p.  and  the  electric  railway  plants  471,307,  h.p.  a 
total  of  2,942,388  h.p.,  or  61  per  cent  more  than  all  the  installed 
manufacturing  water  power.  The  increase  in  hydroelectric  in- 
stallations was  195.5  per  cent  from  1902  to  1907,  104.2  per  cent 
from  1907  to  1912,  and  502  per  cent  from  1902  to  1912.  The 
proportionate  increase  in  ten  years,  ending  1912,  was  more  than 
eleven  times  the  proportionate  increase  in  manufacturing  water 
power  in  twenty  years  ending  1909. 

A  study  of  the  distribution  of  the  development  shows  some  in- 
teresting differences  as  compared  with  the  distribution  of  manu- 
factiuing  power  and  of  total  developed  water  power. 

New  England  has  only  about  8  per  cent  of  the  hydroelectric 
as  against  more  than  40  per  cent  of  the  manufactiuing  power. 
The  North  Atlantic  states,  including  New  England,  have  about 
30  per  cent  of  the  hydroelectric  and  nearly  70  per  cent  of  the 
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manufacturing  power.  The  eastern  half  of  the  population  has 
only  45  per  cent  of  the  hydroelectric  with  60  per  cent  of  the  total 
developed  water  power.  The  northern  half  of  the  population  has 
about  70  per  cent  of  the  hydroelectric  development. 

The  Atlantic  coast  states  have  45  per  cent  of  the  hydroelectric 
development,  and  a  little  more  than  41  per  cent  of  the  popula- 
tion. The  states  between  Pennsylvania  and  Colorado  have  more 
than  one-half  the  population,  but  only  16  per  cent  of  the  hydro- 
electric power.  The  states  from  Colorado  west  have  only  7.5 
per  cent  of  the  population,  but  39  per  cent  of  the  hydroelectric 
development. 

These  appareht  anomalies  are  not  difficult  to  explain.  Palling 
water  is  a  source  of  power,  but  we  must  have  fall  as  well  as  water. 
In  the  Appalachian  region  there  is  ample  water  and  moderate 
fall.  In  the  Mississippi  valley  the  fall  is  slight  and  difficult  to 
utilize,  except  in  rare  instances.  Prom  the  Rocky  mountains  to 
the  Pacific  we  have  plenty  of  fall,  but  are  frequently  short  of 
water.  In  the  immediate  vicinity  of  the  Sierra  Nevadas  there  is 
an  abundance  of  water  and  many  falls  which  can  be  utilized  at 
moderate  cost. 

The  Pacific  coast  states,  without  coal,  and  until  the  develop- 
ment of  the  southern  California  oil  fields,  without  fuel  of  any 
kind,  were  quick  to  grasp  their  opportunites.  What  was  done 
in  other  parts  of  the  country  by  means  of  fuel,  they  hastened  to 
do  with  the  "white  coal".  Thus,  we  see  that  the  proportion  of 
the  total  central  station  power,  which  is  generated  by  water,  is 
much  greater  in  the  far  west  than  elsewhere.  This  appears  from 
the  following  table: 

Percentage  of  Total  Central  Station  Power 
Generated  by  Water 

New  England 21 . 1   ' 

Middle  Atlantic 22.2 

East  North  Central 12.2 

West  North  Central 14.3 

South  Atlantic 40.4 

East  South  Central 10.6 

West  South  Central 2.6 

Mountain 64 . 8 

Pacific 68.6 

The  three  Pacific  coast  states,  with  4.6  per  cent  of  the  popula- 
tion, have  12.3  per  cent  of  all  the  central  station  power  in  the 
United  States.  Of  this,  nearly  60  per  cent  or  7.2  per  cent  of  all 
central  station  power  in  the  country  is  hydroelectric. 
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N:w.  what  are  the  possibilities?  In  Water  Supply  Paper  234, 
L  -^itcd  States  (uH^loi^ical  Sur\^ey,  Mr.  M.  O.  LeiKhton  gives  some 
tstin-iates  of  the  potential  water  power  of  the  United  States. 
A'thoui^h  h.is  paper  is  entitled  "Undeveloped  Water  Powers,"  his 
estimates  appear  to  cover  the  total  water  power  possibilities, 
with(nit  ivi:ard  to  what  portions  have  already  been  developed. 
The  paper  was  puhHshed  in  1909,  and  the  estimates  probably 
correspond  to  the  data  at  hand  in  1908.  The  state  of  Pennsyl- 
vania is  expressly  excluded  as  information  was  not  available  to 
pennit  ^n  estimate  for  that  state.  Two  estimates  were  made — 
one.  rei:arded  as  the  absolute  minimum,  based  on  the  stream 
discharge  "for  the  lowest  two  consecutive  seven-day  periods  in 
each  year;"  the  other,  described  as  "assumed  maximum,"  being 
the  quantity  which  could  be  generated  during  six  months  in  the 
year.     Neither  estimate  takes  any  account  of  storage. 

The  first  is  stated  as  30, 910, 250  h.p.,  and  the  second  as  66,518,- 
500  h.p.  Mr.  Leighton  estimates  further  that,  by  the  use  of  all 
practicable  storage  sites,  the  grand  total  of  possible  water  power 
development  in  the  United  States  will  be  at  least  200,000,000  h.p. 

These  estimates  include  a  minimum  of  5,800,000  h.p.  and 
"assumed  maximum"  of  6,500,000  h.p.  for  the  Niagara  river. 
Under  present  treaty  provisions,  not  more  than  25  per  cent  of  the 
possible  power  at  Niagara  falls  can  be  developed,  and  of  this  the 
United  States  is  entitled  to  only  about  36  per  cent. 

In  1912  the  Commissioner  of  Cori)orations  revised  Mr.  Leigh- 
ton's  estimates  by  making  the  above  correction  for  the  Niagara 
river,  adding  331,000  h.p.  for  Pennsylvania,  and  117,750  h.p.  for 
some  other  changes,  and  cutting  one-sixth  off  the  whole  thing  for 
good  measure,  arrivin^^  finally  at  the  following  figures: 

Assumed 

Minimum  maximum 
h.p.  h.p. 

North  Atlantic 2,225,000  4,092,000 

South  Atlantic 2,344,000  4,256.000 

iNorth  Central 1,733,000  3,558,000 

South  Central 1,438,000  2,785,000 

Western 18,996,000  36,707,000 

United  States 26,736,000  51,398,000 

The  Commissioner  refused  to  consider  the  possibility  of  greater 
development  by  storage.  He  says:  "Any  estimate  including 
storage,  therefore,  must  be  mainly  theoretical."  Just  what  he 
means  is  not  clear,  but  his  purpose  in  omitting  an  important 
element  in  power  development  is  obvious. 
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The  above  figures  are  not  particularly  reliable.  They  are 
largely  speculative,  and  are  based  on  very  meagre  data  and  grossly 
inadequate  surveys.  Moreover,  the  motive  underlying  the  es- 
timates of  the  Commissioner  of  Corporations  was  not  honest. 
However,  we  may  accept  them,  tentatively,  and  see  to  what  con- 
clusions they  will  lead  us. 

The  following  table  gives  the  installed  water  powers  side  by 
side  with  the  minimiun  potential  power  as  estimated  by  the  Com- 
missioner of  Corporations : 

Minimum  poten-  Installed 

tial  power  power 

North  Atlantic 2,225,000  h.p.  2,134,000  h.p. 

South  Atlantic 2,344,000    "  589,000    " 

North  Central 1,733,000    "  729,000    " 

South  Central 1,438,000    "  79,000    ". 

Western 18.996,000    "  1,229,000    ** 

United  States 26,736,000    "  4,760,000    " 

It  appears  from  this  table  that  the  North  Atlantic  states  have 
practically  exhausted  all  their  available  water  power,  notwith- 
standing the  Niagara  developments  aggregate  only  about  270,000 
h.p.  on  the  American  side,  instead  of  the  518,000  h.p.  included 
in  the  Commissioner's  estimate.  The  South  Atlantic  states  still 
have  a  possible  2,000,000  h.p.,  and  the  Central  states  about 
2,000,000  h.p.  more,  but  nearly  all  the  water  power  possibilities 
of  the  future  are  west  of  the  eastern  boundary  of  Colorado,  where 
there  yet  remains,  even  by  the  minimtmi  estimate,  and  with  no 
allowance  for  storage,  nearly  18,000,000  h.p.  undeveloped.  On 
the  basis  of  the  "assumed  maximum,"  the  undeveloped  possible 
water  power  in  the  western  states  exceeds  35,000,000  h.p. 
What  this  would  be  if  storage  possibilities  were  considered,  I  do 
not  know. 

The  three  Pacific  coast  states  alone  contain  about  45  per  cent 
of  the  potential  water  power  of  the  country.  Their  aggregate 
present  development  is  about  880,000  h.p.,  leaving  possibilities 
from  a  minimiun  of  10,524,000  h.p.  to  an  "assumed  maximum" 
of  22,298,000  h.p.  without  considering  storage. 

The  "assumed  maximum"  of  potential  water  power,  as  esti- 
mated by  the  Commissioner  of  Corporations,  is  rather  in  excess 
of  the  present  total  installed  primary  power  of  the  United  States, 
including  the  equivalent  of  the  steam  locomotives  now  in  service. 
This,  however,  is  not  to  say  that  if  all  of  this  water  power  were 
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now  installed,  the  steam  plants  would  cease  to  operate.  Seventy 
per  cent  of  the  possible  water  power  is  in  the  western  one-third  of 
the  country,  with  7  per  cent  of  the  people. '  No  matter  what  the 
population  may  become  ntmierically ,  it  is  probable  that  fully  one- 
half  will  always,  as  now,  live  in  the  great  Mississippi  basin,  for 
this  is  the  region  best  adapted  to  the  production  of  the  staples  of 
agriculture  and  animal  husbandry.  We  are  not  justified  in  an- 
ticipating such  improvement  in  the  art  of  transmission  as  will 
permit  the  use  along  the  Missouri  river  of  power  generated  in  the 
Moimtain  and  Pacific  states.  I  do  not  know  the  longest  trans- 
mission line  now  in  operation — someone  is  always  going  his  prede- 
cessors one  better — but  probably  the  238-mile  (383.02-km.)  line 
of  the  Southern  Sierras  Company  is  the  limit  of  present  practise. 
Let  us  suppose  that  power  might  be  transmitted  500  miles 
(804.6  km.)  with  a  reasonable  loss.  A  belt  500  miles  wide  with 
the  siunmit  of  the  Sierra  Nevadas  as  its  western  limit  would  have 
as  its  eastern  boundary  a  line  passing  near  Great  Falls,  Montana, 
Pocatello,  Idaho,  across  the  western  edge  of  Great  Salt  Lake, 
crossing  about  the  middle  of  the  southern  boundary  of  Utah,  and 
near  Gallup  and  Silver  City,  New  Mexico.  Clearly,  no  conceiv- 
able development  in  that  belt  of  country  would  ever  call  for  the 
use  of  10,000,000  to  22,000,000  h.p.  How  would  you  like  to  be 
the  grinding  monopoly  to  own  all  these  power  sites  and  pay  taxes 
on  them  until  such  time  as  you  might  develop  them  with  a  reason- 
able chance  to  earn  more  than  their  fixed  charges  and  cost  of 
operation  ?  This  is  the  "bogie  man' '  with  which  our  conservation 
friends  are  trying  to  frighten  us. 

What  is  to  become  of  all  this  power  if  it  shall  ever  be  developed  ? 
The  present  fixed  installed  primary  power  of  the  United  States, 
including  steam  locomotives,  is  between  four-tenths  and  five- 
tenths  of  a  horse  power  per  capita.  On  this  basis  the  minimimi 
.potential  water  power  in  the  Pacific  coast  states  alone  would  pro- 
vide for  a  population  of  twenty  to  twenty-five  million  people 
west  of  Great  Salt  Lake.  What  would  they  do.'*  They  would 
be  much  in  the  position  of  the  Irish  woman  and  the  Chinaman 
who  were  ship-wrecked  on  a  desert  island — they  made  money 
doing  each  other's  washing. 

Every  important  hydroelectric  enterprise  from  the  first  Ni- 
agara installation  to  the  Keokuk  plant,  has  been  financed  on  the 
basis  of  an  existing  market  for  at  least  a  part  of  the  output.  No 
responsible  banking  house  will  listen  to  a  power  scheme  which 
can  not  show  a  market  in  sight  sufficient  to  pay  fixed  charges. 
The  Niagara  Falls  Power  Company  was  financed  on  the  power  con- 
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sumption  in  Buffalo  and  other  nearby  cities.  The  Standard 
Electric  and  the  Bay  Counties  Power  Company,  as  well  as  other 
properties  now  belonging  to  the  Pacific  Gas  and  Electric  Corpor- 
ation, had  their  markets  in  sight  around  San  Francisco  bay. 
Snoqualmie  Falls  had  Seattle,  Tacoma  and  the  entire  Puget  Sound 
district.  The  McCall  Ferry  plant  is  only  seventy  miles  (120.7  km.) 
from  Philadelphia,  and  the  Mississippi  River  Power  Company 
had  a  60,000  h.p.  contract  with  St.  Louis  before  work  was  begun 
at  Keokuk. 

So  it  has  been  with  all  of  them,  but  it  can  not  continue  to  be  if 
anything  like  the  enormous  quantities  of  power  above  mentioned 
are  to  be  developed  within  limited  areas.  We  must  go  back  to 
something  like  the  methods  of  early  New  England  days.  We 
must  choose  those  industries  in  which  power  is  the  all-important 
element,  locate  them  within  transmission  distance  of  the  power 
sites,  and  then  finance  the  indtistries  by  virtue  of  their  own 
strength,  regarding  the  power  merely  as  an  adjunct.  This  is  in 
strong  contrast  with  the  method  of  buildi;ng  a  power  plant  and 
then  waiting  for  someone  else  to  build  the  factories  and  buy  the 
power. 

Up  to  this  time  our  ppwer  development  has  always  followed  a 
demand  instead  of  seeking  to  create  it.  This  has  not  been  so 
generally  true  elsewhere,  nor  have  we  followed  the  same  method 
in  other  activities.  The  Union  Pacific  railroad  would  be  non- 
existent today  if  its  promoters  had  waited  for  the  Indians  to 
petition  Washington  for  improved  transportation  facilities.  The 
coal  range  would  still  be  in  universal  use  if  the  gas  range  had  not 
been  put  on  the  market  until  the  housewives  clamored  for  it. 

In  the  United  States  most  of  our  power  has  been  used  to  meet 
the  every-day  demands  for  light,  heat,  transportation  and  the 
operation  of  such  industries  as  are  incidental  to  city  life.  Out- 
side of  Niagara  Falls,  we  have  not  developed  any  electro-chemical 
or  electro-metallurgical  industries  worthy  the  name.  Abroad  it 
has  been  quite  different.  The  Norwegian  Nitrogen  Company, 
for  example,  located  its  plants  near  the  power  sites,  developed 
power,  not  as  an  end  in  itself,  but  as  an  adjunct  only,  and  built 
up  an  enormous  industry  where  before  there  had  been  nothing. 
In  1913  it  had  in  operation  260,000  h.p.  used  solely  for  the  fixa- 
tion of  atmospheric  nitrogen,  and  had  planned  the  development 
of  280,000  additional  h.p.  The  furnace  and  process  by  which 
this  is  done  were  not  invented  tmtil  1903. 

In  1910  there  were  in  the  French  Alps  operating  water-power 
plants  aggregating  475,000  h.p.,  80,000  h.p.  more  under  construe- 
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tion,  and  700,000  h.p.  projected.  Of  the  power  produced  at  that 
time,  210,000  h.p.  was  constuned  in  electro-metallurgical  work 
and  60,000  h.p.  in  electro-chemical  industries.  These  made  up 
57  per  cent  of  the  total.  Of  the  remainder,  30,000  h.p.  was  used 
in  the  paper  and  wood  industries,  and  165,000  h.p.  for  commercial 
power,  light  and  traction.  The  distribution  of  this  power  among 
the  industries  is  significant. 

It  has  often  been  said  that  fixation  of  atmospheric  nitrogen  is 
not  practicable  in  the  United  States  because  of  the  high  cost  of 
power.  Let  us  look  into  this  briefly.  Nitrate  of  soda  costs 
$70.00  per  ton  (1  long  ton  =  1.01  metric  ton)  in  New  York. 
This  is  equivalent  to  $95.00  per  ton  for  pure  nitric  acid.  The 
operations  in  Norway  and  elsewhere  produce  about  500  kg. 
(1,102.3  lb.)  of  nitric  acid  per  kw-yr.,  or  1.82  kw-yr.  per  ton  of 
acid. 

The  Mississippi  River  Power  Company  supplies  power  to  St. 
Louis  at  $24.00  per  kw-yr.  at  60  per  cent  load  factor.  At  this 
rate  the  power  necessary  to  produce  one  ton  of  nitric  add  would 
cost  about  $44.00.  The  margin  between  this  and  a  selling  price 
of  $95.00  is  sufiicient  to  warrant  a  very  careful  inquiry  before  ac- 
cepting the  statement  that  *4t  can  not  be  done." 

The  greater  part  of  the  hydroelectric  power  in  the  French  Alps 
devoted  to  electro-metallurgical  work,  is  used  for  the  manufacture 
of  special  alloys,  such  as  ferro-tungsten,  ferro-molybdentmi,  ferro- 
titanium,  etc.  The  Paul  Girod  works  alone  produce  more  than 
two  million  dollars  worth  of  these  alloys  annually.  The  western 
part  of  the  United  States  is  as  well  supplied  with  the  raw  mater- 
ials for  such  manufacture  as  any  part  of  the  world. 

In  northern  California  the  production  of  pig  iron  in  the  elec- 
tric furnace  was  inaugurated  about  six  years  ago.  This  exper- 
iment has  been  attended  with  considerable  technical  successs 
though  with  what  commercial  results  I  am  not  advised.  Doubt- 
less that  and  similar  enterprises  elsewhere  will  ultimately  succeed. 
When  they  shall  do  so,  their  demand  for  power  will  be  very  large. 

Such  and  many  other  industrial  undertakings  will  grow  up  in 
the  western  part  of  the  United  States  when  a  Federal  policy  of 
encouraging  business  enterprise  and  initiative  shall  take  the  place 
of  the  present  obstructive  tactics  whose  justification  is  attempted 
on  the  ground  that  someone  may  comer  22,000,000  h.p.  in  water 
falls,  and  that  the  world  would  then  freeze  to  death  in  about 
five  thousand  years.  When  that  freezing  takes  place,  certain 
Federal  bureaus  and  ofiicials  will  not  be  suffering  from  the  cold, 
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IRON  LOSSES  IN  DIRECT-CURRENT  MACHINES 


BY  B.  G.  LAMME 


Abstract  of  Paper 

The  term  iron  loss,  as  used  in  connection  with  rotating  machin- 
ery, is  shown  to  cover  a  large  number  of  losses,  some  of  which 
actually  do  not  lie  in  the  iron  itself.  The  term  core  loss  should 
be  used  except  when  the  losses  are  actually  located  in  the  iron 
itself.  It  is  shown  that  no  great  accuracy  is  practicable  in  the 
calculation  of  the  actual  iron  losses,  except  in  special  in- 
stances, due  to  the  fact  that  the  ordinary  treatment  of  materials 
in  manufacture  is  such  that  large  discrepancies  are  almost  sure 
to  occur,  in  certain  types  of  apparatus.  A  brief  explanation  of 
several  causes  of  variation  in  losses  is  given. 

In  the  treatment  of  core  losses  in  direct-current  machines,  the 
four  principal  sources  of  losses  are  considered,  namely — armature 
ring  loss,  armature  tooth  loss,  eddy  currents  in  buried  conductors, 
and  pole  face  losses.  Under  eddy  current  losses  is  given  an  ex- 
planation of  certain  losses  not  usually  taken  into  account,  and 
a  crude  method  of  calculation  is  given,  with  some  tabulated  re- 
sults. 

Under  pole  face  losses  an  empirical  formula  is  given,  also  some 
tabulated  results. 

The  effect  of  load  on  losses  is  discussed,  but  no  calculated 
results  are  given.  Some  of  the  effects  of  flux  distortion  on  the 
losses  are  shown. 

A  principal  object  of  the  paper  is  to  show  the  impracticability 
of  calculating  all  the  core  losses  with  any  great  accuracy  at  no- 
load,  and  the  still  greater  difficulty  in  predetermining  them  with 
load. 


IRON  LOSS  is  a  general  term  to  cover  a  number  of  losses,, 
of  various  kinds,  which,  by  the  nature  of  the  tests, 
are  included  in  one  set  of  measurements  and  which,  in  reality 
should  be  known  as  core  loss.  The  term  has  been  used  so 
promiscuously,  without  indicating  what  it  really  includes,  that 
many  have  come  to  believe  that  it  means  the  true  iron  loss  and 
nothing  else.  In  fact,  however,  the  true  iron  loss,  in  many 
cases,  may  be  only  a  moderate  percentage  of  the  core  loss. 
Usually  no  distinction  has  been  made  between  losses  simply 
located  in  the  iron,  and  those  due  to  the  magnetic  conditions 
in  the  material  itself.  The  readily  practicable  methods  of 
measuring  the  core  losses  show  only  their  sum  and  there  is 
no  true  indication  of  the  relative  values  of  the  various  com- 
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ponents.  To  separate  the  total  core  loss  into  its  various  com* 
ponents,  except  by  complicated  and  expensive  laboratory  meth- 
ods, appears  to  be  almost  impossible.  However,  it  is  possible 
to  indicate  the  various  components  and  their  probable  causes, 
and  in  some  cases  they  can  be  segregated  very  crudely  by 
calculation. 

In  most  rotating  machinery  the  calculation  of  the  individual 
elements,  which  make  up  the  total  core  loss,  is  necessarily  only 
approximate,  in  commercial  apparatus.  This  is  due  partly 
to  the  fact  that  there  are  many  possibilities  of  variation  in  loss 
on  account  of  conditions  of  manufacture  and  materials,  as 
will  be  described  later.  This  is  evidenced  by  the  fact  that 
two  machines,  built  at  different  times  from  the  same  draw- 
ings and  the  same  tested  grade  of  materials,  will  ofttimes  show 
materially  different  core  losses.  If  two  such  machines  vary 
twenty  per  cent  from  each  other  in  core  loss,  it  is  obviously 
impracticable  to  expect  any  refinement  in  calculation  closer 
than  twenty  per  cent.  Even  if  we  always  could  come  within 
twenty  per  cent  by  direct  calculation  and  could  place  any 
great  reliance  upon  the  results,  it  would  be  a  great  step  ahead, 
in  certain  types  of  apparatus.  In  the  discussion  of  the  various 
losses  and  their  causes,  given  throughout  the  following  paper, 
it  will  be  shown  why  it  is  impracticable  to  calculate,  with  any 
exactness,  certain  of  these  losses. 

In  separating  the  total  core  loss  into  its  components,  two 
principal  classifications  of  losses  may  be  made.  One  of  these 
is  eddy  current  loss,  either  in  the  iron  laminations  themselves 
or  in  other  conducting  parts  wherein  e.m.fs.  are  generated 
during  rotation.  Such  e.m.fs.  will  set  up  local  currents  where 
closed  paths  are  possible,  and  if  such  paths  are  in  the  lamina- 
tions themselves,  instead  of  in  neighboring^  solid  parts,  it  is 
simply  incidental.  Eddy  current  loss  in  the  laminations  is, 
therefore,  not  a  special  kind  of  loss,  and  it  should  rightly  be 
classed  with  other  eddy  losses  in  the  machine. 

The  second  class  of  losses  includes  those  due  to  changes 
in  the  magnetic  conditions  in  the  iron  itself;  these  are  known 
as  hysteresis  losses.  These  latter  are  dependent  upon  the 
material  itself  and  not  its  structure.  Lamination  is  primarily 
for  increasing  the  resistance  in  the  eddy  current  paths  and  not 
for  the  purpose  of  affecting  the  hysteresis.  In  fact,  lamina- 
tion may  increase  the  hysteretic  losses,  for  a  given  volume  of 
material. 


1916)  LAM  ME:  IRON  LOSSES  — '  263 

The  principal  object  of  this  paper  is  to  show  causes  for  some 
of  the  principal  losses.  These  are  usually  related  to  two  sets 
of  frequencies,  namely,  the  normal  frequency  (revolutions  per 
second  times  number  of  pairs  of  poles),  and  some  very  high 
frequency,  dependent  upon  the  number  of  slots,  commutator 
bars,  etc.  The  hysteretic  losses  are  undoubtedly  affected  by 
these  higher  frequencies  but  apparently  not  to  the  same  extent 
as  the  eddy  losses.  These  high-frequency  losses  are  liable  to 
be  present  in  most  classes  of  rotating  machines,  while  in  some 
instances  they  may  overshadow  all  other  losses.  Certain  of 
them  are  characteristic  of  certain  types  of  machines  only,  while 
others  are  liable  to  be  present  in  any  type  of  rotating  machine. 

In  most  classes  of  rotating  machines,  only  the  no-load  core 
losses  can  be  measured  with  any  accuracy  by  ordinarily  con- 
venient methods  of  measurement.  However,  if  the  various 
components  of  the  no-load  loss  can  be  approximately  deter- 
mined, then  it  is  possible  to  indicate  in  what  way  these  same 
components  will  be  affected  by  load.  A  quantitative  deter- 
mination of  the  component  losses  with  load  is,  however,  very 
difficult  to  determine  except  in  a  very  few  classes  of  machines. 

In  direct-current  machines  the  principal  no-load  armatiwe 
core  losses  are  the  hysteresis  loss  in  the  iron,  eddy  losses  in 
the  iron  and  copper,  and  eddy  losses  in  other  adjacent  conduct- 
ing parts,  which  may  be  seats  of  e.m.fs.  The  relative  values 
of  these  losses  are  dependent  upon  many  conditions.  In  a 
thoroughly  well  designed  machine  the  eddy  losses  in  the 
copper  and  any  other  parts  than  the  iron  should  be  relatively 
small  compared  with  the  iron  loss  proper.  Again,  the  pro- 
portion of  hysteresis  to  eddy  loss  in  the  iron  itself  depends 
upon  many  conditions,  such  as  the  various  frequencies  in  the 
machine,  the  grade  of  material,  the  degree  of  lamination,  the 
perfection  of  the  insulation  of  the  laminae  from  each  other, 
the  distortion  of  the  material  in  handling  and  building,  the 
conditions  of  punching,  treatment  during  assembly,  grinding, 
filing,  etc.  Here,  at  once,  so  many  variables  appear  that  one 
cannot  reasonably  expect  any  great  accuracy  in  any  prede- 
termination of  eddy  loss  in  the  iron  itself.  Hysteresis  loss  is 
also  affected  by  some  of  these  conditions. 

It  is  a  fact  well  known  to  designers  that  the  iron  loss  tables 
used  by  transformer  engineers  do  not  directly  apply  to  ro- 
tating machinery,  but  that  an  increase,  in  some  cases,  of  one 
hundred  per  cent  or  more  is  necessary,  depending  upon  the 
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type  of  machine.  This  increase  is  due  largely  to  additional 
causes  of  loss  which  do  not  occur  to  any  appreciable  extent 
in  transformers.     Some  of  these  additional  losses  are  as  follows: 

(a)  Handling  of  iron.  Experience  shows  that  well  annealed 
armature  iron  will  have  its  losses  very  materially  increased  by 
springing  or  bending.  If  a  lamination  is  given  a  decided  bend, 
beyond  the  elastic  limit,  and  then  is  straightened  out,  the  loss 
at  the  part  which  has  been  bent  may  be  increased  as  much  as 
100  per  cent.  This  fact  must  be  taken  into  account  in  ma- 
chinery where  armatures  with  many  light  teeth  are  used.  Here 
it  is  almost  impossible  to  prevent  some  abuse  of  the  iron, 
especially  in  the  teeth,  which  are  the  parts  usually  worked  the 
hardest.  Furthermore,  tests  have  shown  that  if  iron  is  bent, 
even  at  a  small  angle,  and  not  beyond  the  elastic  limit,  the 
loss  is  materially  higher  with  the  iron  in  this  strained  con- 
dition, although  the  loss  may  retiu-n  to  normal  when  the  iron 
is  allowed  to  spring  back  to  normal  position.  And  if  the  iron 
is  annealed  in  a  curved  or  warped  position,  then  when  straight- 
ened out  in  building  the  strain  is  present,  with  increased  loss. 
In  building  up  armature  cores,  undoubtedly  part  of  the  iron 
is  put  under  stress,  especially  in  the  teeth.  Any  dent  in  the 
iron,  produced  by  hammering  or  otherwise,  also  tends  to  in- 
crease the  loss. 

(b)  A  second  source  of  increased  loss  in  the  iron  is  due  to 
the  operation  of  punching.  In  shearing  the  iron  a  small  amount 
adjacent  to  the  sheared  part  is  affected  much  in  the  same  way 
as  when  iron  is  bent  beyond  the  elastic  limit.  In  transformer 
plates  this  strip  next  to  the  sheared  edge  represents  but  a  very 
small  percentage  of  the  total  volume  of  each  plate  or  lamina- 
tion. However,  in  armatures  with  many  comparatively  long 
narrow  teeth,  this  sheared  part  may  represent  a  relatively 
large  percentage  of  the  whole  plate  and,  moreover,  this  is  a 
part  which  often  has  the  largest  losses.  But  this  may  not 
have  as  great  effect  on  the  losses  as  another  result  of  the  shear- 
ing, namely,  the  sharp  burrs  which  are  left  on  the  iron.  These 
may  be  very  small  or  almost  negligible  in  appearance  and  yet 
represent  quite  a  large  percentage  of  the  thickness  of  the  plate. 
For  example,  a  burr  of  two  mils  height,  or  1/500  in.,  seems  to 
be  very  small  indeed,  and  yet  it  is  about  12  per  cent  of  the 
thickness  of  a  17-mil  lamination.  Dies  must  be  maintained 
in  very  good  condition  to  keep  the  burr  below  two  mils.  The 
effect  of  this  burr  is  to  bring  increased  thickness  and  pressure 
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at  the  edge  of  the  sheets,  partictilarly  at  the  teeth.  If  the 
laminations  are  all  turned  one  direction  in  building  and  the 
edges  match  perfectly  the  sheets  might  fit  together  so  accur- 
ately that  the  burr  would  cause  no  extra  thickness.  But  it 
is  impossible  to  obtain  such  accuracy  in  practise  and,  there- 
fore, the  burrs  of  one  sheet  "ride"  upon  the  surface  of  the 
next  sheet,  thus  increasing  the  total  thickness  of  the  built- 
up  iron.  In  practise,  however,  the  iron  is  pressed  down  to 
approximately  uniform  height  throughout.  This  means  that 
the  burrs  carry  considerable  of  the  pressure  at  the  armature 
teeth  and  there  is  more  or  less  of  a  tendency  to  cut  through 
the  insulating  film  'on  the  plates,  thus  increasing  the  eddy 
current  losses.  This  is  obviously  a  variable  condition  depend- 
ing upon  the  accuracy  of  building,  upon  the  condition  of  the 
dies,  etc.,  and  no  method  of  calculation  can  take  this  loss  into 
account  with  any  accuracy.  In  small  machines  with  low 
voltage  per  unit  length  of  core,  this  loss  usually  is  not  of  great 
importance.  However,  in  high-speed  large-capacity  machines, 
it  becomes  increasingly  important  and  in  some  cases  special 
means  are  used  for  removing  the  burr  before  insulating  the 
individual  armature  plates. 

(c)  Another  source  of  iron  loss,  and  one  which  also  is  be- 
yond the  scope  of  calculation,  is  found  in  the  filing  of  armature 
slots  and  cores.  In  ideal  armatures  with  perfect  punchings 
and  assembly,  there  should  be  no  occasion  for  filing.  However, 
the  practise,  in  many  cases  where  the  armature  iron  does  not 
build  up  with  perfectly  smooth  surfaces  in  the  slots,  is  for  a 
limited  amount  of  filing  to  be  done.  Usually  this  takes  off 
only  isolated  high  spots,  so  that  the  adjacent  laminations  are 
not  bridged  over  to  any  great  extent  by  the  burrs  due  to  filing. 
The  tendency  of  most  workmen  is  to  file  down  to  a  nicely 
polished  surface,  whereas  a  coarse  filing  gives  better  results 
as  it  tends  to  break  the  laminations  away  from  each  other. 
Filing  is  most  harmful  in  machines  having  a  relatively  high 
voltage  per  unit  length  of  core.  A  milling  cutter  for  cleaning 
out  slots  is  usually  worse  than  a  file,  as  it  produces  greater 
burring  of  the  edges.  However,  if  the  milling  is  followed  by 
filing  with  a  very  coarse  file  the  results  may  be  just  as  satis- 
factory as  with  filing  alone.  Obviously,  no  method  of  cal- 
culation can  show  accurately  the  losses  due  to  such  burring. 

(d)  The  iron  losses  are  affected  to  a  certain  extent  by  pres- 
sure, that  is,  by  the  tightness  with  which  the  core  is  clamped. 
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TIm'  losi;  (hie  to  this  is  probably  closely  related  to  some  of  the 
pn-crditiK  losses,  sucli  as  bendinj^  and  springin<^  of  plates, 
(•licet  of  iMirrs,  etc.  In  small  machines  the  effect  of  pressure 
jippiitcntlv  is  nf  little  moment,  but  in  large  very  long  cores  it 
tnnv  beenme  \erv  appreciable.  It  is  particularly  noticeable 
HI  \i\\\\v  tutbn  ^M'lierator  armatures  where  the  cores  are  ver>" 
N\i,le  tit  ^\irh  tnaehincs,  in  attempting  to  draw  the  core 
iIpwh  h»  a  MnlVaieiitly  solid  condition  as  a  whole,  the  parts 
Ml  nI  iM  ihe  einl  plai.es  are  liable  to  receive  abnormal  pressure, 
wUh  \MnMMjnetit  iiuTcase  of  loss  in  those  parts.  For  this 
M  ijpu.  II  I'i  llie  firaetisein  some  cases  to  add  an  extra  separation 
,«i  |"»|Mi  a  I  lre(jU(*nt  intervals  near  each  end  of  the  core.  Ex- 
lM>ii»inr  kIiovvs  that  this  equalizes  the  losses  and  temperatures 
\s\\  nmlerially.  That  this  is  due  to  undue  pressure  and  not 
III  oli»iv  iH-ld  cjr  other  conditions,  is  indicated  by  the  fact  that 
\\\\\\\  \\\y\\  temj^eratures  are  f(;und  in  the  iron,  at  each  end 
mI  I  he  iorc,  very  often  the  condition  can  be  reheved  by  s'mply 
Ir  ;t.<'iiiiii:  the  pressure  to  a  comparatively  small  extent.  The 
vMiler  has  known  cases  where  the  temperature  in  the  end  sec- 
Ih.ir.  of  the  iron  has  been  reduced  30  to  50  per  cent  by  "easing 
hH"  the  end  plates.  The  total  loss  in  the  core  may  not  be  re- 
iliieed  very  much,  for  the  reduction  in  pressure  usually  affects 
only  tlie  end  sections  to  any  great  extent.  Presumably  this 
loss  is  due  to  increased  contact  between  the  adjacent  plates, 
possibly  from  the  burr,  but  not  entirely  so,  for  similar  results 
have  been  found  in  some  cases  where  the  burr  had  been  fairly 
well  removed  before  enameling  the  plates.  The  character  of 
1  h(;  enamel  coating  used  for  insulating  purposes  also  has  some- 
thing   to  do  with   this. 

In  connection  with  pressure,  the  effect  of  heating  of  the  core 
may  l)e  considered.  Cases  have  been  noted  where  the  effect  of 
high  temj)erature  of  the  core  has  been  to  increase  the  pressure 
between  the  laminations,  due  to  expansion.  This  in  turn 
increased  the  loss  and  thus  still  further  increased  the  tem- 
I)erature.  This  effect  lias  not  been  uncommon,  to  a  minor 
extent,  but  a  few  cases  have  occurred  where  the  combined 
l)ressure  and  temi)erature  cumulatively  have  resulted  in  ex- 
cessive core  temi)eraturcs.  In  one  case  which  the  writer  has 
in  mind,  a  certain  large  machine  o])erated  for  about  two  years 
without  any  noticeably  high  temperature  in  the  core.  Then, 
in  a  com];aratively  brief  time,  it  showed  evidence  of  increas- 
ing temperature  until  finally  an  entirely  prohibitive  tempera- 
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ture  showed  at  one  place.  Examination  showed  that  the  core 
was  very  tight  and  all  evidence  indicated  that  increased  tem- 
perature was  causing  increased  pressure  and  thus  further  in- 
creasing the  loss.  In  this  machine,  fortunately,  the  construc- 
tion of  the  armature  core  and  winding  was  such  that  the  end 
plates  could  be  released  very  easily  about  \  in.  on  each  end. 
This  was  tried  as  an  experiment  and  the  temperatures  all 
retiuTied  to  the  former  normal  of  about  30  deg.  cent.  rise. 
As  an  interesting  side  issue,  it  may  be  mentioned  that  on  this 
machine  the  armature  teeth  at  each  end  of  the  core  had  been 
breaking  off,  although  stout  brass  supporting  fingers  had  been 
used.  Apparently  under  the  increased  pressure,  due  to  heating, 
the  fingers  would  be  bent  away  from  the  core,  thus  releasing 
the  tooth  laminations.  Repeated  tightening  of  the  brass 
fingers  did  not  relieve  this  condition.  However,  when  the  end 
plates  were  released  \  in,  at  each  end  of  the  core,  the  brass 
fingers  were  then  sprung  in  against  the  teeth  and  afterwards 
remained  in  position  so  that  no  breakage  of  tooth  laminations . 
was  ever  reported  afterwards. 

Obviously,  with  losses  dependent  upon  pressure,  no  extreme 
accuracy  in  calculation  of  such  losses  is  possible.  However, 
in  moderately  small  size  machines,  and  especially  in  those  of 
very  moderate  frequency  and  of  very  low  voltage  per  unit 
length  of  core,  the  effect  of  pressure  is  not  serious,  within  a 
moderate  range  of  practicable  pressures. 

(e)  Another  source  of  iron  loss,  but  which  is  not  in  the  arm- 
ature core,  is  that  of  the  pole  face,  due  to  the  tufting  or  bunch- 
ing of  the  flux  between  the  field  pole  and  the  armature  teeth, 
where  slotted  armatures  are  used.  Obviously,  with  all  other 
conditions  the  same,  this  pole  face  loss  will  depend  upon  a 
number  of  variables  in  the  lamination  of  the  material  itself. 
The  effect  of  burrs  from  punching,  the  burring  over  of  the 
surface  due  to  tiuning,  the  effect  of  pressure,  etc.,  all  appear 
in  the  pole  face  loss.  Therefore,  it  is  evident  that  great  ac- 
curacy in  the  calculation  of  such  loss  is  impossible,  in  com- 
mercial apparatus.  There  are  other  conditions  that  affect 
this  pole  face  loss  which  will  be  considered  later  under  this 
subject. 

Armature  Ring  Loss.  The  true  iron  loss  in  the  armature 
ring  is  dependent  upon  the  total  flux  per  pole,  distribution  of 
flux,  rate  of  change  of  flux,  etc.  The  problem  is  much  com- 
plicated by  the  fact  that  the  flux  distribution  in  the  ring  usually 
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is  not  uniform,  that  is,  (Trtain  i)arts  of  the  core  have  higher 
niaxitmim  (Ictisitirs  Ihati  other  j)arts.  However,  in  ordinary 
practise  the  core  detisities  used  are  relatively  low,  so  that  the 
InsMcH  eau  l»e  approximated  by  averaging  the  inductions  in 
eerlaiu  p.'Uts.  Ilc»wever,  the  rate  of  change  of  flux  in  the 
litii:  is  di^petuletit,  to  a  certain  extent,  upon  the  flux  distribution 
ill  the  air  r,ap  and  armature  teeth,  and  this  introduces  some 
Clint.   al\vav!J  in   the  direction  of  increased  loss. 

The  di^iltibnlioii  of  flux  in  the  armature  ring  is  also  depend- 
cnl  npnn  the  cllectiv(!  length  of  the  various  flux  paths.  These 
hllpi  will  nattn'ally  depend  upon  various  conditions,  such 
».3  I  he  nninbrr  of  ]K)les,  diameter  of  armature,  flux  distribution 
in  I  he  nit  K*>P  -i^^^  teeth,  etc.  Therefore,  any  method  which 
,|,ir.3  nni  hike  this  distribution  into  account  is  necessarily  only 
.»|,|MMMiiu»te.  However,  in  practise  there  are  so  many  other 
\  'Hjjiblr'i,  ai;  already  described,  in  connection  with  manufactur- 
ing M)nrlitions,  such  as  burring,  fihng,  etc.,  that  empirical  rules 
lirn»'  \tr('U  developed,  based  upon  numerous  tests,  which  ap- 
piMMinal.^*  the  armature  core  loss  in  a  standard  type  of  ma- 
I  III  Mr  abmit  as  accurately  as  any  attempt  toward  exact  cal- 
I  nldtioii. 

.  I  rmature  Tooth  Losses  at  No-Load.  Apparently  the  flux 
d«'ii'.ilics  in  the  armature  teeth  can  be  calculated  with  more 
,n'<  iiracy  than  in  the  various  parts  of  the  core,  for  in  the  teeth 
I  lie  fluxes  are  limited  to  fairly  definite  paths.  Therefore, 
rvclnsive  of  the  losses  due  to  manufacturing  conditions,  as 
iiln-ady  described,  the  tooth  losses  can  be  fairly  accurately 
calculated,  i)robably  with  much  greater  accuracy  than  many 
othcT  losses,  as  will  be  described.  The  tooth  losses  may  be 
considered  further  as  follows: 

The  flux  density  in  each  individual  armature  tooth  passes 
through  a  cycle,  indicated  by  the  shape  of  the  field  form.  With 
the  field  form  of  the  sha])e  illustrated  in  Fig.  1,  the  tooth  den- 
sity will  be  a  maximum  at  A,  and  this  density  will  remain 
practically  constant  as  the  tooth  moves  toward  C  until  the 
I)oint  B  is  reached.  It  will  then  decrease  as  the  ordinate  of 
the  field  form  curve  decreases  and  will  reach  zero  value  at  C 
The  cycle  of  flux  change  is  not  sinusoidal,  and  therefore,  the 
actual  tooth  iron  loss  should  not  agree  with  that  represented 
by  the  usual  iron  loss  curves  based  upon  sinusoidal  changes 
in  induction.  The  diflercncc,  however,  may  be  relatively 
small  in  the  ordinary  types  of  machines.     The  error  may  be 
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taken  care  of  by  some  suitable  correcting  factor,  which,  of 
course,  will  be  only  approximate  for  the  average  case. 

The  density  in  the  arjnature  teeth  is  involved  in  the  iron 
loss.  This  density  is  not  uniform  over  the  entire  depth  of 
the  tooth,  with  the  usual  parallel-side  slots,  for  the  section 
of  the  tooth  tapers  off.  This  difference  of  section,  in  small 
diameter  machines,  may  be  very  considerable.  However,  a 
higher  density  at  the  base  of  the  tooth,  tending  to  give  higher 
iron  loss,  is  compensated  for,  to  some  extent,  by  the  reduced 
volume  of  material.  In  consequence,  the  mean  section  at 
some  point  from  one-half  to  two-thirds  the  way  down  the 
tooth  may  be  taken  and  the  mean  density  and  volume  of  ma- 
terial, based  upon  this  section,  may  be  used  for  approximating 
the  iron  loss.  The  accuracy  of  this  method  will  be  dependent, 
to  some  extent,  upon  the  actual  density  used.     For  instance, 

if   both    the    minimum    and 

maximum  densities  in  the 
tooth  are  relatively  low,  then 
the  loss  calculated  for  the 
mid-point  density,  at  the  mid- 
pKrint  section,  will  be  closer 
to  the  true  loss  than  if  the 
J  maximum    density    is  exces- 

, y^  sively  high. 

FiQ,  I  Armature  Copper  Eddy  Cur- 

rent Loss  at  No-Load,  There 
may  be  a  number  of  eddy  current  losses  in  the  copper,  some  of 
which  are  of  a  minor  nature.  However,  there  may  be  two 
relatively  large  losses,  depending  upon  the  design  of  the  ma- 
chine. One  of  these  is  due  to  the  flux  from  the  field  poles 
entering  the  armature  slots  and  cutting  the  conductors.  This 
is,  to  a  certain  extent,  a  function  of  the  saturation  of  the  tops 
of  the  armature  teeth.  It  is  also  dependent  upon  the  width 
of  the  slot  opening  compared  with  the  iron-to-iron  clearance. 
At  first  thought,  one  would  say  that  the  larger  the  air  gap 
the  more  would  the  lines  from  the  pole  pass  into  the  tooth 
top.  However,  the  opposite  is  the  case,  for  the  larger  the  gap, 
the  nearer  do  the  lengths  of  paths  into  the  slot  approach  to 
the  iron-to-iron  olearance,  in  percentage. 

In  moderate  size  machines  with  relatively  small  air  gaps 
and  moderate  slot  widths,  the  eddy  current  loss  from  fringing 
into  the  top  of  the  slot  is  comparatively  small,  and,  as  a  rule, 


270  LAM  ME:  IRON  LOSSES  |  March  7 

no  special  precautions  need  be  taken  to  minimize  it.  This 
particular  k>ss  is  usually  greatest  in  high-voltage,  large-capac- 
ity turbo-alternators,  where  relatively  wide  slots,  up  to  1.5 
in.  or  more,  may  be  used,  and  where  the  air  gaps  are  very  large. 
In  such  cases  lamination  of  the  top  conductors  to  avoid  eddies 
from  this  cause  may  be  desirable. 

The  second  source  of  eddy  current  loss  in  the  copper,  which 
is  liable  to  be  larger  than  all  others  combined,  is  due  to  the 
peculiarities  of  flux  distribution  in  the  armature  teeth.  Let 
Fig.  2  represent  the  magnetic  conditions  in  a  given  machine. 
It  is  evident  from  this  figure  that  under  the  central  flat  part 
of  the  field  form,  the  armature  teeth  are  worked  at  a  uniform 
induction,  asstmiing  that  there  is  no  field  distortion.  How- 
ever, at  the  edges  of  the  pole  the  tooth  density  decreases 
slightly.  If  the  saturation  of  the  teeth  under  the  flat  part  of 
the  field  form  is  very  high 
(materially  above  120,000 
lines  per  sq.  in.),  the  ampere- 
turns  required  to  magnetize 


Fig.  2 


the  teeth  may  be  very  con-    JUjUyl^ 
siderable.     However,    at  the  | 

edge  of  the  pole  a  compara-  j 

tively  small  decrease  in  the  ) 

flux  density  in  the  teeth  (15      

to  20  per  cent)  will  mean  a 
relatively  enormous  decrease 
in  the  ampere-turns  for  the  teeth.  For  instance,  the  tooth  c 
in  Fig.  2,  under  the  central  flat  part  of  the  field  form,  may 
require  2000  ampere-turns,  while  the  next  tooth  ft,  under  the 
pole  edge,  which  is  worked  at  possibly  20  per  cent  lower  den- 
sity, may  require  only  10  to  20  per  cent  as  many  ampere-turns. 
Assuming  such  conditions,  then  the  magnetic  potential  at  the 
top  of  tooth  c  will  be  higher  than  that  at  the  top  of  b  by  1600 
to  1800  ampere-turns.  Therefore,  under  this  condition  there 
will  be  a  very  considerable  flux  across  the  slot  between  c  and 
b.  A  little  earlier  or  a  little  later  in  the  rotation  this  flux  across 
this  slot  will  not  exist  to  any  extent,  for  the  ampere-turns  for 
b  and  c  will  then  both  be  comparatively  low  or  very  high, 
while  the  difference  between  them  will  be  small.  In  conse- 
quence, near  each  pole  edge,  there  is  a  very  rapid  rise  and  fall 
of  flux  across  the  armature  slots.  This  is  illustrated  in  Fig.  2. 
Obviously,  the  armature  conductors  lying  in  the  path  of 
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this  flux  will  be  the  seat  of  e.m.fs.  which  will  tend  to  set  up 
local  currents,  the  value  of  which  will  be  some  function  of 
the  e.m.f.  producing  the  current,  of  the  dimensions  of  the 
conductor,  etc.  If  the  flux  across  the  slot  is  large,  this  e.m.f. 
may  also  be  considerable,  for  the  rate  of  this  flux  change  will 
be  high  compared  with  the  normal  frequency  of  the  machine. 
As  the  e.m.f.  generated  is  a  function  of  the  maximum  difference 
between  the  ampere-turns  required  for  two  adjacent  teeth 
and  as  the  loss  in  any  given  case  will  vary  as  the  square  of  the 
e.m.f.,  obviously  the  loss  in  one  slot  will  vary  as  the  square  of 
the   maximum    difference   between    the    ampere-turns   of   two 
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Fig.  3 


adjacent  teeth.  At  very  high  saturation,  the  maximum  dif- 
ference between  the  ampere-turns  reqtnred  for  two  adjacent 
teeth  may  be  relatively  high  and  the  loss  may  be  correspond- 
ingly great.  Due  to  the  shape  of  the  permeability  curve  of 
steel  at  very  high  saturation,  the  difference  between  the  ampcrc- 
tums  of  two  adjacent  teeth  may  increase  faster  than  the  square 
of  the  terminal  e.m.f.  Therefore,  the  eddy  current  loss  due  to 
this  cause  may  increase  faster  than  the  fourth  power  of  the 
total  induction  per  pole.  Evidently,  therefore,  it  is  desirable 
to  keep  these  eddy  current  losses  at  a  low  value  at  no-load, 
for  the  high  tooth  ampere-turns  under  the  distorted  field  con- 
ditions of  full  load  will  tend  to  increase  the  percentage  of  these 
losses  very  greatly.     Fig.   3   shows  a  characteristic  core  loss 
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curve  for  a  generator  in  which  the  copper  loss,  due  to  the  above 
cause,  is  very  large  at  the  higher  e.m.fs. 

Several  years  ago,  the  writer  spent  considerable  time  in 
attempting  to  determine  the  value  of  this  eddy  current  loss  at 
no-load.  Neither  sufficient  nor  entirely  satisfactory  data 
were  available.  From  the  data  at  hand,  the  following  em- 
pirical formula  was  derived,  which  appeared  to  accord  fairly 
well  with  the  facts  in  a  number  of  cases  which  were  worked 
out.  This  formula  applies,  however,  only  to  windings  with 
two  conductors  in  depth  per  slot.  This  formula  for  the  loss 
in  conductors  is 

Watts  loss  =    180^ci?.M1000  +  a)- 

a      =  Maximum  ampere-tums  for  one  tooth. 

Fe    =  Total  volume  of  copper,  in  cubic  inches,  in  one  slot. 

Rt   =  Revolutions  per  second. 

p     =  Number  of  poles. 

The  values  for  the  watts  eddy  current  loss  in  the  copper 
were  approximated  by  taking  the  iron  loss  curves  at  the  lower 
e.m.f.  values  (where  the  aboVe  eddy  current  loss  would  be  very 
low),  and  then  projecting  them  for  the  higher  values  accord- 
ing to  the  laws  which  the  iron  loss  alone  should  follow.  The 
difference  between  this  corrected  iron  loss  and  the  actual  test 
ctu^e  was  assumed  to  consist  largely  of  eddy  current  loss.  As 
this  difference  usually  increased  very  rapidly  at  higher  induc- 
tions, the  above  assumption  was  in  line  with  the  preceding  state- 
ments that  this  eddy  cmrent  loss  may  increase  much  more 
rapidly  than  the  square  of  the  flux.  In  this  determination 
obviously  the  pole  face  loss  would  have  to  be  taken  into  ac- 
count. This  was  taken  care  of  as  far  as  possible,  by  tests 
with  relatively  large  air  gaps,  the  pole  face  loss  thus  being 
very  small. 

It  may  be  noted  that  in  the  above  empirical  formula,  the 
ampere-tums  for  one  tooth  under  the  maximum  field  has  been 
used,  instead  of  the  maximum  difference  between  the  ampere- 
tums  of  two  adjacent  teeth.  However,  the  tests  indicated 
in  general  that  the  maximum  difference  was  approximately 
proportional  to  the  maximum  ampere-tums  in  one  tooth  and, 
therefore,  it  was  simpler  to  use  the  total  turns  for  one  tooth. 
Also,  where  the  total  tooth  ampere-tums  are  tapered  off  over 
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several  teeth,  the  difference  between  the  ampere-turns  for 
adjacent  teeth  is  reduced,  but  more  slots  and  more  copper  is 
involved,  whereas  the  empirical  formula  includes  only  the 
copper  for  one  slot.  Various  attempts  were  made  to  include 
all  the  different  factors,  such  as  ampere-turns  across  each 
slot,  number  of  slots,  number  of  conductors  involved,  counter 
magnetomotive  force  of  the  eddy  currents,  etc.,  but  none  of 
the  resulting  formulas  gave  as  consistent  results  as  the  above. 
It  must  be  admitted  that  this  formula  is  an  extremely  crude 
one,  but  it  happened  to  fit  most  of  the  cases  that  the  writer 
was  able  to  analyze.  In  deriving  this  equation,  it  was  found 
that  if  the  loss  was  assumed  to  vary  directly  as  the  square  of 
the  tooth  ampere-turns,  then  it  would  be  too  great  at  very 
high  tooth  satiu-ation.  At  high  tooth  densities,  the  flux  across 
the  slots,  at  the  pole  edge,  is  distributed  over  several  successive 
slots,  so  that  the  maximum  difference  between  the  ampere- 
turns  of  two  adjacent  teeth  bears  a  lower  proportion  to  the 
ampere-turns  for  one  tooth.  Also,  at  very  high  tooth  densi- 
ties there  is  more  or  less  fringing  of  flux  down  through  the  slot, 
in  parallel  with  the  tooth  flux,  and  this  makes  the  determina- 
tion of  the  actual  tooth  flux  difficult.  In  the  formula,  there- 
fore, the  term  (1000  +  a)'  is  used  in  place  of  a*  to  take  care 
of  these  conditions.  This  term,  however,  is  obviously  wrong, 
in  that  it  indicates  a  loss  when  the  tooth  saturation  is  negli- 
gible. However,  this  loss  under  low  saturation  usually  works 
out  from  the  formtda  to  be  of  comparatively  small  value,  so 
that  the  error  is  not  of  much  importance. 

A  modified  formula,  which  agrees  with  the  above  fairly 
closely  at  high  saturations,  but  gives  no  loss  at  zero  saturation, 
is  the  following: 

Watts  loss  =    135F.ie,M4000  +  a)a 


10« 


The  following  table  shows  the  comparison  of  the  copper 
eddy  loss  compared  with  the  calculated  loss  by  the  first  formula 
above,  for  a  number  of  machines.  It  will  be  noted  that  the 
agreement  is  not  particularly  close,  but  possibly  as  good  as 
could  be  expected,  considering  how  the  test  losses  were  de- 
rived. It  may  be  stated  that  these  were  all  comparatively 
old  types  of  machines,  for  in  recent  years  great  pains  have 
been  taken  to  eliminate  large  eddy  losses  of  this  character,  so 
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tli.'iL  it  was  necessary  to  ^o  to  old  machines  in  order  to  obtain 
<:x.'t;r ^crated  cases. 
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Pole  Face  Losses  at  Xo-Load.  It  has  long  been  known  that, 
with  open  slot  annaturcs,  there  are  liable  to  be  considerable 
losses  in  the  field  pole  faces  due  to  bunching  of  the  magnetic 
flux  from  the  armature  teeth  to  the  ])ole  face,  the  armature 
teeth  thus  acting  as  small  poles  of  an  "inductor"  type  alter- 
nator, of  which  the  pole  face,  to 
a  small  depth,  serves  the  function- 
of  the  armature  core. 

While  the  effect  of  this  "inductor 
pole"  action  has  long  been  known, 
the  amount  of  loss  due  to  it  has 
frequently  been  underestimated, 
esj)ecially  in  machines  with  rela- 
tively small  air  gaps  compared 
with  the  width  of  the  armature 
slots. 

The  following  crude  description  will  illustrate  the  extent  of 
the  variations  in  flux  in  the  air  gap  due  to  the  open  armature 
slots.  In  Fig.  4,  a  represents  the  width  of  one  armature  tooth 
and  b  rejjresents  the  width  of  one  armature  slot.  Let  ^rep- 
resent the  single  air  gap   (iron  to  iron). 

In  the  lower  diagram,  which  represents  the  flux  distribution 


Fig.  4 


in   the  air  gap,  let  Ba  represent  the  flux  density  in  the  air  gap 
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under  the  armature  teeth  and  B^  the  minimum  flux  density 
corresponding  to  the  center  of  the  slot. 

Then,  a  X  Ba  =  the  total  flux  under  one  tooth,  for  unit 
width  of  core,  and  b  {Ba  —  Bb)  c  =  the  total  decrease  in  flux 
for  the  space  covered  by  one  slot,  c  represents  the  average 
height  of  the  curve  def  iij  Fig.  4.  If  this  curve  be  assumed  to 
be  sine  shaped,  then  c  would  be  0.636.  Any  other  shape  which 
would  be  likely  to  be  found  in  practise  would  not  be  far  from 
this  value.  A  V-shape,  as  one  extreme,  would  give  c  =  0.5, 
while  a  circular  shape,  as  the  other  extreme,  would  give  c  = 
0.784.  Apparently  the  value  would  lie  somewhere  between 
these  two  extremes. 

In  calculating  the  effective  gap  from  the  above  diagram 
and  assumptions,  the  following  equation  would  be  obtained: 

T  A  f  ^  {a  +  b)  Ba 

Increased  gap  g    =  ,  X  — _^--^-----^-  --^^_ 


^""^  ^'        ^  ^  1  -  ^  (^g  -  ^6)  c         ^  ^  1  _    ih)  (Ba  -  B,)  c 


(a  +  b)  Ba  (a  +  b)   {Ba) 


The   resemblance   of   this   equation    to   Carter's   well-known 
equation  for  the  increased  air  gap  may  be  seen  at  once. 


In  Carter's  equation,  g'  =  g  X 


.   _    bk 


a  +  b 

Comparing  these  two  formulas,  it  is  evident  that  k    = 

{Ba  -  B,)  c 
B^ 

An   extremely   close   approximation   to   k   can    be   obtained 

a 

from  the  empirical  formula  k  =  — - — 7-.       This  holds   closely 

=+1 


:.l  V/  V/y.    IKOX  losses  [March  7 

V  >N   ^^^  -'^^'^  od-Kv<t  the  entire  range.     Equating  the 
.     s  >      — X  ^i  ?,  we  obtain  the  equation 

^.  -  ^*   =   1        (^) 
5a  "  c{5g  +  b) 


^^    =1-1        (^) 


(>,  B^  c    (5g+  b) 

Ti  v  ^'Nvs  the  ratio  of  the  flux  density  at  the  middle  of  the 

to  :*^'  '^^^"^  density  under  the  tooth. 

\\  ^  -^  evav.'ple  oi  what  these  relative  values  may  be,  assume 

,  \'  \    or  the  slot  width    =    the  tooth  width,  and  that 

0  2^  ^^»  which  is  extreme  for  large  a-c.  or  d-c.  generators, 

]       ro:  unusual  for  induction  motors.     Assuming  c   =   0.635, 

I* 
.  ^^^     *  \   =:  0.3,  or  the  density  under  the  middle  of  the  slot 

.,  ^,oy  ().3  of  that  under  the  tooth.     With  these  same  values, 
\     \alue  of  .^''  becomes  1.2859,  or  the  gap  increase  is  28.5  per 
^.jj»,  which  is  not  unusual  for  some  machinery.     Obviously, 
y  ji^aiion  in  the  flux  density  at  the  pole  face  of  70  per  cent 
<;lunild  tend  to  give  high  ir^n  losses  in  the  pole  face  itself.     In 
tact*  some  of  the  inductor  type  alternators  w^hich  were  in  com- 
mon use  a  few  years  ago  did  not  give    variations   in   armature 
thix  materially  better  than  indicated  by  the  above  value.     Such 
pr^>portions  as  the  above  example  would,  therefore,  be  fairly 
good  for  an  inductor  alternator. 

The  above  analysis  is  given  simply  to  furnish  a  means  for 
determining  the  possible  variations  in  the  flux  density  which 
may  be  obtained  with  open  slots.  This  gives  a  much  better 
conception  of  the  problem  than  can  usually  be  obtained  directly 
from  Carter's  fomnila  for  the  increased  length  of  gap.  It 
•also  gives  a  good  idea  of  the  possibilities  of  tooth  losses  in  those 
cases  where  the  teeth  of  one  element  or  member  of  a  machine 
alternately  pass  under  the  teeth  and  slots  of  the  other  member. 
Considerable  work  has  been  done  at  various  times  to  de- 
termine the  pole  face  losses  due  to  open  armature  slots.  The 
difficulty  in  determining  a  workable  formula  is  very  consider- 
able, as  there  are  many  conditions  which  may  directly  or  in- 
directly affect   this  loss.     For  example,   the  thickness  of  the 
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laminations,  or  the  material  in  the  pole  face,  may  have  an  in- 
fluence. Any  general  formula  for  this  loss  would  require 
different  constants  for  different  types  of  pole  faces.  One 
formula  for  this  loss  has  been  given  by  Professor  C.  A.  Adams 
and  his  associates.*  The  formula  is  very  complex  and  some- 
what difficult  to  use. 

A  much  simpler  formula  for  laminated    pole  faces  is  as  fol- 
lows, for  0.031-in.  laminations: 


Watts  loss  = 


75  b  E2 


V- 


CfW.'gL  R.g 


E  =  Generator  voltage. 

b  =  Width  of  slot. 

g  =  Single  air  gap  (iron  to  iron). 

Wt  =  Armature  wires  in  series. 

L  =  Width  of  pole  face. 

Cf  =  Field  form  constant. 

Se  =  Total  slot  space   =   width  of  slot   X   No.  of  slots. 

It  is  very  difficult  to  obtain  any  reliable  data  on  pole  face 
losses  alone,  for  other  core  losses  are  liable  to  be  included  in 
any  tests.  Variation  of  air  gap,  with  everything  else  in  the 
construction  unchanged,  gives  a  partial  measure.  However, 
this  changes  the  field  form  somewhat  and  thus  modifies  the 

*Pole  Face  Losses^  by  Comfort  A.  Adams,  A.  C.  Lanier,  C.  C.  Pope 
and  C.  O.  Schooley.  Tkans.  A.  I.  E.  E.,  Vol.  XXVIIl,  Part  II,  1909, 
page    1151. 

(Q      \'1.4  /     .,       \1.55 

"i#j     ^  VTo"  j 

X   s^  ^   X  

Wp    -  Pole  face  loss. 

Sp    =  Section   of   one   pole   face    (average   section    where   the 

density   is   Bq). 
p        =   Number  of  poles. 
0.000462     =  Constant  for  n^-in-  laminations. 

Bg     =   Density  in  the  gap  over  the  section  Sp. 

V        —  Velocity  of  the  armature  surface  in  feet  per  second. 

g        =  Ratio  of  width  of  slot  to  air  gap. 

ip       =  Tooth  pitch  in  inches. 
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tooth  sattiration  and  the  tooth  and  eddy  losses,  to  a  certain 
extent,  thus  rendering  doubtful  the  pole  face  component. 

The  above  formula  is  necessarily  approximate  and  applies 
only  to  laminated  pole  faces.  The  effect  of  cutting  away 
part  of  the  laminations  in  order  to  produce  high  saturation 
at  the  pole  face  is  not  included.  However,  it  is  possible  that 
this  may  not  influence  the  loss  to  any  great  extent.  The 
greater  part  of  the  loss  is  represented  by  eddy  currents,  and 
cutting  away  part  of  the  laminations  will  tend  to  break  up  the 
losses  between  plates  and  this  may  compensate  to  a  con- 
siderable extent  for  the  higher  densities  in  the  remaining  plates. 
It  is  hoped  that  some  time  in  the  future  more  complete  data 
may  be  obtained,  over  a  sufficiently  wide  range  of  conditions, 
to  cover  the  practical  range  of  ordinary  design. 

The  following  table  covers  a  number  of  machines  with  ad- 
justable air  gaps  in  which  the  pole  face  losses  were  worked 
out  according  to  the  above  formula.  Also,  the  total  calculated 
and  the  total  test  losses  are  given,  to  indicate  the  agreement  in 
a  general  way.  The  writer  is  perfectly  willing  to  admit  that 
he  believes  that  the  fairly  close  agreements  between  some  of 
the  calculated  and  test  totals  are  largely  accidental,  and  they 
should  not  be  taken  as  proof  of  any  great  acctu-acy  of  the 
methods. 

It  is  obvious  from  this  table  that  the  pole  face  losses  may 
be  comparatively  high  in  some  cases,  provided  the  formula  is 
reasonably  correct.  Evidently,  if  these  losses  could  be  cal- 
cidated  with  any  great  accuracy,  the  design  of  the  machine 
might  be  considerably  modified,  compared  with  more  recent 
practise,  with  advantageous  results.  The  pole  face  losses  will 
evidently  be  greatly  increased  by  field  distortion  when  the 
machine  is  carrying  load.  Eddy  currents  in  the  copper  are 
also  affected  by  field  distortion,  and  a  correct  method  of  cal- 
culating both  the  eddy  current  and  the  pole  face  losses  with 
various  loads  should  lead  to  considerable  modification  in  the 
proportions  of  d-c.  machines,  in  general. 

Stray  Losses,  Under  this  heading  may  be  included  a  number 
of  no-load  losses  which  are  usually  of  a  minor  natiu-e.  Among 
these  may  be  included  secondary  losses  in  the  armattire  wind- 
ing due  to  unsymmetrical  cross-connections  or  unbalanced 
voltages  in  parts  of  the  winding  which  are  connected  in  parallel. 
There  are  various  possibilities  for  losses  from  this  source  and, 
in  consequence,  it  is  always  advisable  to  use  armatiu-e  wind- 
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;   HTc  .')s  syTnnietrical  as  possible.     Also,  the  arrange- 

]_     .    .U(.  v.in<\in^  should  be  such  as  always  to  generate  bal- 

.  »>  -v    in   parallel   circuits.     This   condition  is   not   in- 

'•    ^^v^^^<>1^c(l  in  the  design  of  direct -current  machines. 

c.>>-^-i  iMn^o  of  undue  loss  in  the  armature  winding  may 

^..ov:-^•^^^  »^v  short-circuiting  one  or  more  of  the  armature 

..^  ,-^  ^  ■    '"'  avtivi'  field.     The  brushes  may  be  shifted  from 

^. ^^.  ^   .,    nvMitral  point  so  that  some  of  the  armature  con- 

, ^    -v^  vlh»il  circuilcd  under  the  main  field  flux;  or  the 

sMui   HMV  be  so  narrow  and  the  brush  so  wide  that 
.     iSr  ainialurc  turns  are  short-circuiting  in  an  active 
r.  .1      .\vM  NN  luu  the  brush  is  set  for  the  no-load  neutral.     An 
.  .    .  ms-   s\  Hiding  which  is  considerably   "chorded"  in  a  field 
V,.  "I    I  II  ui<»\v  neutral  point  may  have  two  sides  of  a  coil  short- 
..suiuil  HI  litlds  of  the  same  polarity.     The  e.m.fs.  in  the  two 
I  N  .  oi    I  he  c()'\\   should,  therefore,  balance  each  other  if  the 
i.iu.fi  I'.  :a[  al  the  true  neutral.     However,  if  the  brush  short- 
viuiiil"j  hi'.vcral  coils  or  turns,  obviously  only  one  of  them  can 
\n-  al  I  lie  true  neutral  anrl  have  balanced  e.m.fs.  set  up  in  its 
Lv\(»    halves.     Th(.'   other   turns   may   have   more   or   less   local 
I  umiit  in  them,  which  may  be  a  source  of  considerable  loss. 
A    third   condition   may  occur  when   there   are   considerable 
lail'^ations  in   the   reluctance  in   the   air   gap   under   the   main 
p(.l(-5  as  th('  armature  teeth  move  under  the  poles.     This  vary- 
ing' rtluctance  usually  gi\'es  varying  main  flux  and  at  a  relatively 
hi^di    fref|uency.     The    armature    coils    short-circuited    by    the 
blushes  will  act  as  secondaries  to  these  pulsating  fluxes  and 
Ui  consctquence  there  may  be  some  loss  in  the  short-circuited 
coils  due  to  this  cause.     Any  solid  parts  of  the  yoke  or  poles 
may   also   have   losses   due   to   this   cause.     Usually,   however, 
such  losses  are  small. 

A  fourth  source  of  loss  may  rise  from  stray  fluxes  from  the 
main  fields- to  the  armature,  which  do  not  pass  through  well 
laminated  i)arts  of  the  armature  core.  For  instance,  the 
ventilating  si)acers  may  be  so  dimensioned  and  shaped  that 
eddies  can  be  set  u])  in  them.  Also,  the  finger  plates  at  each 
end  of  the  core,  the  end  plates,  etc.,  may  carry  light  fluxes 
which  j)roduce  some  loss.  Bands  on  the  annature  core  or 
at  the  ends  may  also  be  the  seat  of  e.m.fs.  and  will  have  some 
loss  in  them.  These  losses  are  difficult  to  determine,  and, 
in  practise,  should  be  eliminated  as  far  as  possible. 
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Full  Load  Losses 
It  is  evident  from  the  foregoing  that  the  no-load  core  losses 
are  dependent  upon  so  many  variable  conditions  that  there 
can  be  no  great  accuracy  in  predetermining  such  losses  unless 
all  the  details  of  construction,  material,  treatment,  etc.,  are 
known  for  each  individual  machine.  The  impossibility  of 
accurate  calctilation  is  shown  by  the  fact  that  the  individual 
machines  built  on  the  same  stock  order  will  vary  considerably 
from  each  other,  especially  in  certain  types. 

While  the  no-load  losses  are  difficult  to  predetermine,  the 
full-load  losses  are  still  much  more  difficult  to  calcidate,  as 
will  be  shown  in  the  following  rough  analysis.  Here,  the 
effects  of  flux  distortion  by  the  armature  magnetomotive  force 
tend  to  exaggerate  the  pole  face  losses  and  those  in  the  arma- 
ture copper,  which  are  the  two  relatively  large  losses  which 

are  most  difficult  to  calculate 
at  no-load.  Also  commuta- 
tion and  brush  losses,  due 
to  load,  now  enter  into  the 
problem.  The  individual  core 
losses  may  be  considered 
briefly  as  follows: 

Armature  Ring  Loss,  with 
Load,  This  loss  should  not 
change  greatly  with  load, 
provided  the  total  flux  at  load  is  practically  the  same  as  at 
no-load.  Under  this  condition  a  variation  in  the  distribu- 
tion of  this  fltix  is  about  the  only  factor  which  should  pro- 
duce any  material  change  in  loss.  The  full-load  field  form 
may  be  illustrated  by  Fig.  5.  It  is  evident  from  this  figure 
that  the  flux  is  now  crowded  toward  one  pole  edge  and, 
therefore,  the  major  part  is  concentrated  in  a  narrower 
space.  The  average  length  of  the  flux  path  may,  therefore, 
be  somewhat  greater  than  at  no-load,  but  in  some  cases  this 
may  tend  to  distribute  the  flux  more  uniformly  through  the 
depth  of  the  ring.  However,  where  the  flux  enters  the  core 
at  the  base  of  the  teeth  there  will  be  slightly  more  crowding 
and,  therefore,  somewhat  increased  loss.  Taking  everything 
into  consideration  it  would  appear  that,  in  general,  the  arm- 
ature ring  loss  can  be  considered  as  practically  constant  with 
constant  total  flux  and  speed,  independent  of  the  variation 
in  load. 


Fig.  5 
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In  variable-speed  and  adjustable-speed  d-c.  machines,  the 
armature  ring  loss  may  vary  over  a  wide  range  due  to  changes 
in  total  flux  and  speed.  Such  cases  are  difficult  to  calculate 
with  any  degree  of  accuracy,  although  no  more  so  than  other 
losses  in  the  same  machines. 

Armature  Tooth  Loss,  with  Load.  As  shown  by  Fig.  5,  the 
tooth  flux  density  at  one  edge  of  the  pole  is  decreased  and  at 
the  other  edge  is  increased  when  the  field  flux  is  distdtted  by 
the  armature  magnetomotive  force.  The  increased  density 
in  the  armature  teeth  means  increased  iron  loss  and,  if  the  dis- 
tortion is  very  great,  the  increase  in  tooth  loss  may  be  very 
large,  being  in  some  cases  even  doubled  or  trebled,  compared 
with  the  no-load  tooth  loss.  No  direct  rule  can  be  given  for 
the  calculation  of  this  loss,  except  that  it  may  be  determined 
approximately  by  calculating  the  flux  distribution  with  load 
and  thus  determining  the  flux  densities  in  the  teeth. 

In  variable-speed  and  adjustable-speed  machines,  particu- 
larly in  the  latter,  the  tooth  loss  with  load  will  be  affected  very 
considerably  by  changes  in  both  speed  and  total  flux.  In 
variable-speed  machines  of  the  series  type,  reduction  in  speed 
usually  accompanies  increase  in  total  flux,  so  that,  as  regards 
the  losses,  one  effect  partly  neutralizes  the  other,  so  that  the 
increase  in  tooth  loss  with  load  may  be  less  than  in  a  constant- 
speed  machine.  In  adjustable-speed  machines,  however,  es- 
pecially in  those  of  constant  horse  power  and  constant  voltage, 
the  tooth  losses  will  vary  over  a  very  wide  range  with  change 
in  speed.  Here,  the  armatiu-e  magnetomotive  force  is  con- 
stant (assuming  a  constant  horse  power)  and  the  field  flux  is 
varied  from  a  maximum  value  at  lowest  speed  to  one-quarter 
value  at  four  times  speed,  assuming  a  four-to-one  range.  The 
total  flux,  therefore,  varies  inversely  as  the  speed  and  the  two 
effects  should  nearly  compensate  each  other,  as  regards  losses, 
if  it  were  not  for  the  variation  in  flux  distortion.  At  lowest 
speed,  with  considerable  saturation  in  the  pole  horns  and 
armature  teeth,  the  armature  magnetomotive  force,  even  if 
relatively  large  compared  with  the  field  magnetomotive  force, 
may  not  produce  very  large  distortion,  so  that  the  tooth  loss 
is  not  increased  excessively  over  the  no-load  tooth  loss.  How- 
ever, as  the  field  is  weakened,  the  armature  magnetomotive 
force  remaining  constant,  the  distortion  is  relatively  increased, 
so  that  the  peak  value  of  the  distorted  field  may  remain  almost 
constant  in  height.     As  the  armature  tooth  losses  are  dependent 
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upon  the  peak  value  of  this  field,  then  obviously  the  combined 
effect  of  this  field  and  the  increase  in  speed  will  mean  very 
greatly  increased  tooth  losses.  With  very  low  field  magneto- 
motive force,  the  distortion  may  be  so  great  as  to  give  a  double 
peak,  as  indicated  in  Fig.  6.  This  double  peak  gives,  to  some 
extent,  the  effect  of  a  double  frequency  and  thus  further  in- 
creases the  loss. 

Eddy  Currents  in  Copper.  When  the  field  form  is  distorted, 
with  load,  the  ampere-turns  in  the  teeth  at  one  pole  comer 
are  greatly  increased,  while  those  at  the  other  comer  are  de- 
creased. Therefore,  there  will  be  an  increased  loss  in  the 
copper  at  one  pole  edge  and  a  decreased  loss  at  the  other  pole 
edge.  However,  as  this  loss  at  high  inductions  will  vary  al- 
most as  the  square  of  the 
ampere-turns  in  the  armature 
teeth,  it  is  evident  that  the  re- 
duction in  the  loss  at  one  pole 
comer  may  be  small  compared 
with  the  increase  in  loss  in  the 
copper  at  the  other  pole  comer. 
The  resultant  loss  can  be  calcu- 
lated approximately  by  using  the 
formula  already  given  for  no- 
load  conditions,  but  with  the 
ampere-turns  in  the  teeth  based 
on  the  load  conditions.  This 
would  give  a  loss  corresponding 
to  no-load  with  the  maximum 
induction  in  the  teeth  raised  to 
peak  value  with  load.  This  would  include  losses  for  the  two 
pole  comers;  therefore,  the  result  should  be  halved,  as  the 
peak  density  occurs  at  only  one  pole  edge. 

If  the  empirical  formula  given  for  the  copper  loss  repre- 
sents the  facts,  even  to  a  roughly  approximate  degree,  the  re- 
sults are  very  startling  when  applied  to  some  of  the  old-time 
machines.  The  calculations  show  that  in  some  cases  the 
eddy  current  copper  loss  at  heavy  load  was  several  times  greater 
-than  at  no-load.  This  should  be  true,  but  to  a  much  less  extent, 
in  more  modem  types  of  machines.  The  results  indicate  that 
in  many  cases  there  would  be  considerable  gain  by  reducing 
the  field  distortion  through  high  saturation  in  the  pole  face, 
pole  horns,  etc.     This  saturation,  however,  wouljj  have  to  be 


Fig.  6 
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SO  arranged  as  to  give  the  most  beneficial  field  distribution 
with  load,  and  haphazard  methods  of  cutting  oif  pole  comers, 
without  regard  to  the  field  form  with  load,  woxdd  have  to  be 
avoided.  In  fact,  in  the  past,  the  cutting  away  of  pole  comer 
laminations,  in  many  cases,  has  been  largely  for  the  purpose 
of  improving  commutation,  and  not  to  obtain  the  best  field 
form  with  load. 

Pole  Face  Losses,  with  Load.  The  pole  face  losses  will  obvi- 
ously be  affected  locally  by  change  in  the  flux  density  in  the 
air  gap  or  at  the  pole  face.  Field  distortion  will  tend  to  increase 
the  loss  at  one  pole  comer  and  decrease  it  at  the  other.  The 
increase  will  usually  considerably  exceed  the  decrease,  but  the 
restdtant  will  not  be  increased  in  anything  like  the  same  pro- 
portions as  the  copper  eddy  current  losses  under  the  pole  comers 
are  increased  with  load.  A  rough  approximation  for  the  in- 
creased iron  loss  could  be  obtained  by  comparing  the  squares 
of  the  densities,  at  several  points  along  the  distorted  field 
form,  with  the  squares  of  the  densities  of  the  no-load  field 
form  corresponding  to  the  total  induction. 

As  the  increase  in  pole  face  losses  with  load  will,  in  some 
instances,  be  considerably  less  than  the  increase  in  the  eddy 
current  losses,  it  might  be  advantageous  in  such  cases  to  de- 
crease the  field  distortion  by  pole  face  saturation,  even  at  the 
expense  of  increasing  the  no-load  pole  face  losses.  For  example, 
if,  in  an  extreme  case,  the  air  gap  were  decreased  20  per  cent 
and  the  air  gap  ampere-turns  thus  gained  were  expended  in 
suitably  saturating  the  pole  face  material,  then  the  full-load 
field  distortion  might  be  much  less  than  with  the  larger  gap, 
with  the  same  total  field  magnetomotive  force.  The  no-load 
eddy  current  copper  losses  would  be  practically  unchanged, 
while  the  no-load  pole  face  loss  would  be  increased.  However, 
the  full-load  pole  face  loss,  due  to  the  reduced  distortion,  might 
be  no  greater  than  with  the  larger  gap,  while  the  eddy  current 
losses  in  the  copper  might  be  very  much  less  than  with  the 
larger  gap.  In  consequence,  while  the  total  no-load  losses 
would  be  increased  somewhat,  the  full-load  loss  would  be  smaller 
than  before,  and  the  carrying  capacity  of  the  machine  would 
be  actually  increased.  This  woidd  apply,  however,  only  to 
those  machines  where  the  no-load  eddy  current  and  armature 
tooth  losses  are  relatively  high  and  where  the  distortion  is 
rather  large  with  load. 

Stray  Loss.es,     When  the  machine  is  carrying  load,  the  stray 
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losses  given  under  the  no-load  conditions  may  also  exist  and 
at  the  same  time  some  of  these  may  be  greatly  exaggerated. 
Also,  other  losses  may  appear  which  are  not  found  at  no-load. 

Copper  loss  due  to  short-circuiting  the  armature  coils  in  an 
active  field  will  sometimes  be  more  pronounced  than  at  no- 
load,  particularly  in  non-commutating  pole  machines  in  which 
the  brushes  are  shifted  into  an  active  field  to  produce  com- 
mutation. This  field,  as  a  rule,  will  only  be  of  proper  value 
to  produce  proper  commutation  at  some  definite  load,  while 
at  other  loads  there  may  be  very  considerable  local  currents 
in  the  short-circuited  coils,  which  may  produce  loss. 

As  the  main  field  flux  is  crowded  toward  one  pole  comer 
and  the  field  form  becomes  more  pointed  in  shape,  the  effect 
of  variable  reluctance  in  the  air  gap  may  become  more  pro- 
nounced than  at  no-load,  and,  therefore,  pidsations  of  the  main 
field  flux  may  cause  more  loss  in  the  short-circuited  armature 
coils. 

Stray  fluxes  from  the  main  poles  will  be  distributed  differ- 
ently from  the  no-load  condition  and  the  densities  of  these 
stray  fields  may  be  considerably  higher  at  certain  points  and 
thus  give  increased  losses. 

Additional  losses  at  full  load  may  be  due  to  fluxes  set  up 
by  the  magnetomotive  force  of  the  armature  winding  itself 
when  carrying  load.  For  instance,  the  armature  winding  will 
set  up  magnetic  fields,  through  the  end  windings,  which  fields 
are  fixed  in. space,  in  a  rotating  armature  machine.  Bands  or 
supporting  parts,  or  other  solid  metal,  rotating  with  the  end 
winding,  may  cut  these  stationary  fields  or  fluxes,  and  thus 
losses  may  be  set  up  which  are  a  function  of  the  load. 

Another  source  of  loss  at  load  may  be  found  in  the  operation 
of  commutation  itself.  A  magnetic  field  or  flux  is  set  up  by 
the  armature  winding  across  the  slots  from  one  commutation 
zone  to  the  next.  At  the  point  of  commutation  this  flux  is  re- 
versed in  direction  with  respect  to  the  armature  conductors, 
and,  therefore,  there  will  be  local  currents  set  up  in  the  arm- 
ature copper  itself,  due  to  this  action.  This,  however,  should 
be  more  properly  charged  to  commutation  loss  rather  than 
to  armature  core  loss. 

The  above  covers  the  principal  core  losses  in  direct-current 
machines.  It  was  the  original  intention  to  analyze  the  core 
losses  in  the  various  types  of  rotating  machines,  but  it  soon 
developed  that  the  subject  was  too  extensive  for  the  scope 
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of  til  is  papcT,  therefore  it  was  limited  to  d-c.  machines  only. 
Hriwever,  many  of  the  conditions  which  hold  for  d-c.  machines 
ii\iU)  apjily,  to  a  certain  extent,  to  many  other  types.  In  ad- 
dition then*  are  loss(3S  in  d-c.  machines  which  are  relatively 
\ury,t*  compared  with  those  in  other  apparatus,  due  to  the  fact 
that  l\u*.  tooth  saturation  in  d-c.  machines  is  frequently  carried 
rmich  higher  than  in  other  apparatus. 

The  forr^y)in^:  treatment  of  core  losses  is  qualitative  rather 
Ih/in  (juaiilitative,  and  it  deals  with  the  simpler  phenomena 
only.  It  oniitH  Bome  very  complex  conditions,  such  as  the 
i'INm  (  ()l  piilMations  in  flux  superposed  on  high  densities,  dis- 
pliHi'd  minor  Jiystcresis  loops,  etc.,  which  mean  additional 
loht^rhj,  The  firincipal  object  of  the  paper  is  to  give  a  better 
iili'ii   of    the  possibilities  and  impossibilities  of  the  problem  of 

I  nil*    lo'.M'S. 


19161  DISCUSSION  A  T  SCHENECTA D  Y  287 

Discussion  on  "  Iron  Losses  in  Direct-Current  Machines  " 
(Lamme),   Schenectady,   N.   Y.,   March   7,   1916. 

H.  F.  T.  Erben:  I  agree  with  Mr.  Lamme's  statements  that 
iron  losses  may  be  approximated  with  extreme  accuracy  but 
these  approximations  must  be  based  upon  past  experiences. 
Mr.  Lamme  calls  attention  to  the  extremely  distorted  wave  form 
often  encountered  in  variable  speed  motors  and  instances  Fig. 
6  of  the  paper  as  being  a  typical  case.  While  the  field  form  as 
shown  in  Fig.  6  is  a  fair  representation  of  the  conditions  that  may 
be  met  in  a  three  to  one  variable-speed  motor,  distortions  of 
greater  magnitude  will  be  encountered  if  speed  variations  of 
four  to  one  or  five  to  one  are  attempted.  I  have  in  mind  a 
four  to  one  variable-speed  motor  which  at  no  load  and  full  load 
and  maximum  speed  had  field  forms  as  shown  in  Fig.  1.  It  will 
be  noted  that  at  full  load  the  field  form  was  so  distorted  that 
there  was  an  actual  reversal  of  flux  in  the  leading  pole  tip  and  the 
flux  density  at  the  trailing  tip  was  fifty  per  cent  greater  than  at 
no  load.  When  one  considers 
that  the  teeth  in  the  trailing 
tip  under  these  conditions  are 
well  up  to  saturation  and  that 
the  armature  teeth  are  sub- 
jected to  double  frequency, 
due  to  the  reversal  of  flux,  it 
is  inevitable  that  there  will  be 
extremely  high  losses.   Losses  pio.  i 

due    to    distortions    of    this 
nature  can  be  obviated  by  either  providing  compensating  wind- 
ings or  by  using  very  large  air  gaps. 

Generators  operating  on  the  multiple-voltage  system  in  con- 
nection with  mine  hoists  and  rolling  mill  equipments  may  have 
very  high  core  losses  under  the  condition  of  low  voltage  and 
maximum  current.  The  high  armature  reaction  gives  rise  to  an 
extremely  distorted  wave  form  with  high  peaks.  In  order  to 
counteract  this  condition,  compensation  is  usually  employed  in 
generators  of  this  type. 

Mr.  Lamme*s  paper  has  only  touched  upon  losses  in  non- 
commutating  pole  machines.  In  commutating  pole  machines 
there  is  present  a  loss  which  is  absent  in  non-commutating  pole 
machines,  namely  the  eddy  current  loss  in  the  conductors  directly 
under  the  commutating  poles.  The  flux  necessary  to  produce 
commutation  may  be  of  sufficient  magnitude  to  cause  appreciable 
eddy  current  losses  in  these  conductors. 

Generators  and  motors  in  which  compensating  windings  are 
used  are  subject  to  core  losses  which  are  not  inherent  to  machines 
of  the  commutating  pole  type.  These  losses  arise  through  the 
variations  in  total  flux,  caused  by  the  coincidence  of  the  teeth 
in  the  armature  and  pole  faces.     Although  extreme  care  may  be 
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exercised  in  arranging  the  relative  position  of  the  two  sets  of 
teeth  it  is  almost  an  impossibility  to  get  any  combination  of 
teeth  which  will  not  give  rise  to  slight  pulsations  in  flux.  Any 
variation  in  the  magnitude  of  the  tooth  flux  will  give  rise  to 
eddy  current  losses  in  both  the  armature  conductors  and  in  the 
conductors  used  in  the  compensated  winding.  I  have  cited 
these  cases  merely  to  show  the  extreme  complexity  of  the  prob- 
lem which  faces  the  designer  in  attempting  to  make  a  true  esti- 
mate of  the  core  losses  of  machines  of  modem  type. 

W.  S.  Moody:  Transformers  have  no  such  percentage  of 
losses  to  contend  with  as  Mr.  Lamme  has  shown  us  to  exist  in 
the  case  of  generators  and  motors:  yet  the  stray  losses  in  a 
transformer  are  by  no  means  negligible. 

Most  of  the  different  kinds  of  stray  losses  which  have  been 
mentioned,  exist  to  a  minor  extent  in  a  well  designed  transformer 
and  may  easily  be  of  a  serious  amount  in  a  poor  design. 

If  a  given  quality  of  sheet  steel  is  made  up  into  a  ring  shaped 
core,  each  lamination  perfectly  insulated  from  the  others,  the 
minimum  loss  that  possibly  can  be  obtained  will  result  from 
alternating  magnetization.  Just  as  soon  as 
one  departs  from  this  simple  elementary 
form  of  magnetic  circuit,  the  losses  increase. 
The  ring  cannot  even  be  made  into  a 
rectangle  of  the  same  cross  section  and  mean 
length  without  an  increase  in  the  losses.  If 
there  are  joints  either  interlocking  or  butt, 
Pjq  2  increased  losses  come  from  the  more  or  less 

cross  flux  that  results.  Again,  cross  flux  gives 
stray  losses  when  there  is  a  different  cross  section  in  different 
parts  of  a  transformer's  core. 

A  transformer  core  may  have  another  kind  of  stray  loss 
when  the  core  carries  multi-phase  magnetization.  In  the 
common  form  of  three-phase  core  as  shown  in  Fig.  2,  there 
is  developed  in  parts  of  the  core  not  covered  by  the  windings 
multi-phase  flux  of  a  rotating  character,  which  very  greatly 
increases  the  losses  in  the  iron  in  this  part  of  the  magnetic  circuit. 

The  absence  of  air  gaps  and  the  fact  that  cores  can  be  built 
without  machining,  are  the  principal  reasons  why  the  stray  losses 
are  less  in  transformers  than  in  other  apparatus. 

Assuming  the  loss  in  a  ring  of  laminations,  which  are  per- 
fectly insulated  to  be  the  minimum  that  can  be  obtained  with  a 
given  grade  of  iron,  transformers  having  a  simple  magnetic 
circuit  can  readily  be  built  in  which  the  stray  losses  are  not  more 
than  5  per  cent,  but  when  complex  magnetic  circuits  are 
used  and  three-phase  magnetization  introduced,  the  stray  losses 
in  a  transformer  may  readily  run  to  15  or  25  per  cent  of  the 
normal  losses. 

Transformers  also  have  stray  losses  in  the  copper,  but  unlike 
generators  and  motors,  have  stray  copper  loss  only  as  the  load 
comes  on,  as  there  is  no  flux  in  the  wire  space,  except  as  result  of 
the  load  currents. 
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Small  transformers  with  small  conductors  have  a  negligible 
stray  loss  in  the  copper,  but  it  is  difficult  in  large  transformers 
to  keep  the  loss  within  a  negligible  amount,  and  in  poorly  worked 
out  designs,  the  stray  copper  losses  may  readily  reach  such 
figures  as  have  been  mentioned  for  stray  losses  in  generators. 

Wm.  B.  Potter:  The  efficiency  of  electrical  apparatus  is 
certainly  a  subject  worthy  of  most  careful  analysis.  As  Mr. 
Lamme  has  pointed  out,  there  are  often  eddy  losses  of  consider- 
able moment  other  than  those  strictly  chargeable  to  the  magnietic 
circuit.  The  copper  conductors,  under  conditions  which  are 
favorable  to  the  generation  of  eddy  currents,  may  in  themselves 
have  losses,  which  result  in  a  temperature  rise  quite  out  of  pro- 
portion to  that  from  the  useful  current  for  which  they  have  been 
provided.  An  extreme  case  I  recall  was  a  railway  motor  with 
armature  conductors  of  unusual  depth  running  in  a  field  of  high 
maximum  intensity,  and  with  the  original  solid  bar  winding  the 
local  current  in  these  conductors  was  sufficient  to  cause  a  tempera- 
ature  rise  equal  to  that  calculated  for  the  energy  current  under 
full  load.  The  remedy  in  this  case,  as  mentioned  by  Mr.  Erben, 
was  to  split  the  bars  so  as  to  make  narrow  strips  of  that  part 
within  the  core,  and  criss-cross  these  strips  midway  the  length 
of  the  slot  so  as  to  balance  the  differences  of  potential  between 
the  top  and  bottom  of  the  conductor.  Desirable  as  it  is  to  im- 
prove the  efficiency,  it  is  often  essential  to  keep  the  losses  at  a 
minimum  because  of  the  heating  that  would  otherwise  result, 
and  this  is  especially  true  in  electrical  apparatus  where  space  is 
of  the  utmost  importance  as  is  so  often  the  case  with  railway 
motors.  Probably  more  is  required  of  a  railway  motor  for  its 
corresponding  size  and  weight  than  any  other  electrical  machine. 
The  space  is  limited  in  width  by  the  gauge,  in  height  by  the 
clearances  between  the  vehicle  and  the  track,  in  length  by  the 
wheel  base,  and  it  is  fortunate  that  the  maximum  requirement  has 
a  limitation  in  the  coefficient  of  adhesion  between  the  driving 
wheels  and  the  rail.  The  limitations  of  space  for  the  railway 
motor  are  not  only  severe  with  respect  to  heating,  but  also  the 
design  is  so  compact,  so  surrounded  by  running  gear,  and  oper- 
ated under  such  adverse  conditions  that  effective  ventilation 
is  a  much  greater  problem  than  with  stationary  apparatus.  A 
departure  from  the  enclosed  design  of  motor,  depending  on  its 
external  surface  for  radiation,  to  later  types  in  which  the  arma- 
ture is  so  designed  as  to  act  as  a  fan  giving  forced  ventilation, 
has  resulted  in  great  reduction  in  weight  and  size  for  corres- 
ponding duty.  In  some  classes  of  service  where  the  conditions 
are  not  favorable  to  inherent  ventilation,  the  use  of  external 
blowers  as  a  supplementary  feature  has  been  found  essential. 
It  is  most  important  that  the  losses  should  be  eliminated  so  far 
as  possible,  and  next  of  importance  is  to  effectually  deal  with  the 
losses  that  cannot  be  disposed  of. 

Friend  H.  Eierstead:     Mr.  Lamme  in  his  reference  to  eddy 
current  losses  did  not  4x)ther  us  with  a  statement  of  the  peculiar- 
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ities  and  erratic  characteristics  of  these  losses.  I  would  like  to 
touch  upon  the  erratic  characteristics  of  eddy  current  losses 
with  reference  to  a  transformer. 

Let  Fig.  3  be  any  conducting  material  being  cut  by  magnetic 
flux.  Then  an  eddy  current  will  flow  as  is  indicated  in  this  figure. 
We  can  think  of  this  conducting  material  as  being  the  secondary 
of  a  transformer.  Now,  if  its  resistance  be  very  high,  it  acts 
the  same  as  the  secondary  of  a  transformer  that  is  open  cir- 
cuited. If  its  resistance  be  very  low,  it  acts  the  same  as  a  short 
circuited  secondary.  The  losses  in  the  material  due  to  the  eddy 
currents  will  be  affected  by  the  flux  density,  by  the  frequency, 
by  the  shape  of  this  conducting  material  and  by  its  specific 

resistance.     Eddv  current  losses  are  equal  to  ^   where  E 

is  eddy  voltage,  R  is  the  resistance  of  the  eddy  circuit,  and  X  is 
the  reactance  of  the  eddy  circuit. 

Now  if  the  density  of  the  flux  that  cuts  the  conducting  ma- 
terial in  Fig.  3  is  changed,  then,  inasmuch  as  the  only  thing 

that  is  affected    in    the  above 
formula  by  the  density   is  the 
voltage,  the  eddy   loss  will  in- 
crease with   the  square  of  the 
density,  because  the  voltage  is 
directly  affected  bv  the  density. 
Pig.   3— Plan  and  End  Ele-         NqW,    if    the    frequency    be 
VATiON     OF     Any     Conducting    ^i,^*,,,,^^    ^u^^  4^u^  ^r^^r>^<rsr^lsA:^^ 
Material  Being  Pierced  by  a    changed,  then  the  correspondmg 
Varying  Magnetic  Flux  change  m  the  loss  depends  upon 

the  relative  values  of  X  and  R. 
If  X  be  very  small,   as  compared  with   R,  the  loss  is  equal 

to  ^5-  and  an  increase  in  frequency  will  increase  the  voltage, 

but  will  not  affect  the  resistance.  Therefore,  when  the  reactance 
of  the  eddy  circuit  is  small  in  comparison  with  its  resistance,  the 
eddy  loss  varies  with  the  square  of  the  frequency. 

Take  the  other  extreme,  letting  the  resistance  be  very  small 

E^R 

as  compared  with  the  reactance,   then  the  loss    =    =^5 — 

in  which  the  eddy  reactance  and  the  eddy  voltage  vary  with  the 
frequencies,  to  the  same  extent.  In  this  case,  the  eddy  loss 
is  not  affected  by  the  change  in  frequency. 

An  illustration  of  the  former  case  is  in  the  laminations  in  the 
iron  of  the  transformer  where  the  reactance  of  the  eddy  circuit 
is  very  low  and  the  resistance  is  comparatively  high.  An  il- 
lustration of  the  second  case  is  in  the  short  circuited  transformer 
where  the  resistance  of  the  winding  is  very  low  in  comparison 
to  the  reactance,  and  in  this  case  the  losses  in  the  winding  do  not 
change  greatly  with  the  frequency. 
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Let  us  consider  now  how  these  losses  change  with  the  dimen- 
sions of  the  conductor.  Let  the  conducting  material  in  Fig.  3 
become  greater  in  extent,  in  such  way  that  the  flux  cutting  it  also 
increases.  Then  the  eddy  voltage  increases  as  the  conductor 
increases,  and  so  also  does  the  reactance  to  the  same  extent. 

Now,  if  the  reactance  is  small  in  comparison  with  the  resistance 

the  loss  =  —5-  and  since  the  eddy  voltage  increases  and  the 

resistance  decreases  with  increase  in  the  cross-section  of  the 
conducting  material,  the  eddy  current  losses  increase  greatly  as 
the  cross  section  of  the  conducting  material  increases. 

Now,  if  R  be  small  in  comparison  with  X,  the  loss  =  — =^jp- 

and  E  and  X  are  increasing  together,  and  R  is  decreasing.  Then 
the  eddy  losses  are  decreased  by  increasing  that  conductor. 
The  eddy  losses  are  influenced  by  the  specific  resistance.  If 
the  specific  resistance  of  a  given  conductor  is  changed  without 
changing  anything  else,  then  neither  the  eddy  voltage  or  the 
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reactance  is  affected.     Therefore,   if  the  reactance  be  much 

E^R 

greater  than  the  resistance,  the  loss  =  — =^5—     and    the    eddy 

losses  increase  with  increase  in  specific  resistance  directly,  but 
if  the  resistance  is  great  in  comparison  with  the  reactance,  then 

E} 
the  loss  =  —5-   which  shows  that  eddy  loss  is  decreased  by 

increasing  resistance. 

Departing  from  above  analysis,  and  taking  up  the  divided 
conductor  in  the  slot-wound  machine.  Reference  was  made  to 
a  d-c.  machine.  Fig.  4  shows  such  a  divided  conductor  in  a 
slot. 

In  a  d-c.  machine  where  the  eddy  loss  in  a  conductor  is  not 
created  by  the  current  which  flows  through  it,  but  by  flux  which 
is  independent  to  a  great  extent  of  the  current  in  the  conductor, 
this  dividing  reduces  the  loss,  but  in  the  case  where  the  eddy 
current  is  produced  by  flux,  which  in  turn  is  produced  by  current 
flowing  through  the  conductor,  dividing  the  conductor  may  not 
reduce  the  loss.  Let  the  field  produced  by  current  flowing 
through  the  conductor  be  as  indicated  in  Fig.  4.  Now  if  the 
conductor  were  not  divided,  as  is  indicated  in  Fig.  5,   then  the 
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— r^  ^  pon ion  of  the  current  would  flow  in  the  top  of  the  con- 

.  -.:-  T  JLnd  the  averav:e  density  of  the  flux  cutting  the  conductor 

,.  T    :  be  reduced.     However,  since  the  conductor  is  divided, 

-.c  <tr:e  amount  of  current  has  to  go  through  the  bottom  as  goes 

'.'^^'h  the  top.     Therefore,  inasmuch  as  half  the  current  is 

.  'A^i  '-o  i>tay  down  near  the  bottom  of  the  slot  then  the  average 

i^— <::y  is  greater  than  in  the  undivided  conductor  and  the  dif- 

.--^r.oe  increases  with  frequency,  and  therefore  the  loss  in  the 

^..-vitxi  conductor  may  be  greater  than  it  would  be  if  it  were 

,^;  divided,  providing  the  frequency  be  high  enough. 

Wliile  working  under  the  direction  of  Mr.  H.  M.  Hobart,  we 
^.\.i  a  problem  to  increase  the  loss  in  an  induction  motor  at 
^-.irting  so  as  to  get  greater  starting  torque,  and  we  actually 
-^ade  up  test  models  to  test  the  losses  in  the  divided  and  un- 
^^\4ded  conductors,  and  we  found  when  the  frequency  was  low 
.ve  undivided  conductor  gave  greater  loss,  but  when  the  fre- 
quency was  high,  the  divided  conductor  gave  greater  loss.  It 
X^oended  upon  the  depth  of  this  conductor  and  the  frequency. 
\s  I  remember,  when  we  made  the  conductor  three  inches  deep, 
*nd  had  60  cycles  flowing  through  it,  the  divided  conductor  gave 
m-eater  loss. 

H.  M.  Hobart:  Mr.  Lam  me  brought  out  very  clearly  that  there 
•' an  irreducible  minimum  of  inaccuracy  in  predetermination 
*^f  characteristics.  For  instance,  he  mentions  in  his  paper  that 
two  machines  built  on  exactly  the  same  specifications,  with 
rxactly  the  same  tools,  may  vary  in  core  loss  by  20  per  cent. 

If  Mr.  Lamme's  paper  had  not  been  confined  to  a  discussion 
of  iron  losses,  if  he  had  touched  on  commutation,  or  on  regu- 
lation, or  on  the  predetermination  of  temperature  rise,  or  on 
anvthing  of  that  sort,  the  limits  which  he  would  have  shown 
for  the  irreflucil)lc  minimum  of  inexactness  would  probably 
have  been   expressed  in  larger  figures  than  20  per  cent. 

Mr.  Lamme's  assertion  relating  to  20  per  cent  inexactness  was 
with  respect  to  the  no-load  core  losses,  and  he  pointed  out  that 
jt  was  not  exclusively  the  iron  loss,  but  that  there  were  often 
also  losses  in  the  coi)per  conductors  which  were  included  in  that 
expression. 

It  is  a  fact  that  in  the  completed  machine  these  no-load  losses 
are  almost  always  at  least  three  or  four  times  the  loss  (reduced  to 
loss  per  ton)  which  would  be  obtained  in  a  test  made  on  a  labora- 
tory samj)le.  Transformers  constitute  an  exception;  in  their 
case  there  is  no  such  large  multiplier,  but  even  there  we  do  not 
get  down  to  the  losses  measured  on  the  test  samples. 

In  machines  where  the  greatest  care  is  taken  to  keep  these 
losses  down,  for  instance,  in  induction  motors,  the  multipliers 
are  not  so  great  as  in  other  types, 

Mr.  Potter  alluded  to  the  difficulties  concerning  weight  of, 
and  space  occu])icd  b\'  railway  motors.  I  have  plotted  many 
curves  from  factory  tests  to  obtain  the  factor  by  which  to  multi- 
ply the  laboratory  loss  (the  loss  of  the  test  sample),  in  order  to 
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obtain  the  loss  in  the  actually  completed  machine,  and  that 
multiplier  was  larger  in  railway  motors  than  it  was  in  any  other 
kind  of  machine.  In  induction  motors  the  multiplier  is  reason- 
ably low.  In  a-c.  generators  it  is  decidedly  high.  These 
statements  relate  to  the  no-load  losses. 

When  we  come  to  the  load  losses,  the  observed  idiosyncrasies 
are,  of  course,  all  really  based  on  physical  laws;  such  as  those 
to  which  allusion  has  been  made  in  the  paper;  absolutely  simple 
physical  laws  always  being  obeyed ;  but  there  are  so  many  of  these 
laws  that  we  cannot  keep  track  of  them,  and  at  load  the  losses  are 
often  much  greater  than  we  estimate.  The  simple  old  fashioned 
efficiency,  in  which  we  placed  so  much  faith,  is  often  distinctly 
higher  than  the  efficiency  realized  in  practise.  It  is  simple 
enough  to  measure  the  efficiency  to  almost  any  degree  of  accur- 
acy, if  there  is  money  enough  available  to  si)end  on  the  test, 
but  in  commercial  transactions  you  cannot  arrange  for  tests 
that  cost  as  much  as,  or  much  more  than,  the  machine  itself, 
and  we  have  to  resort  to  empirical  allowances  for  the  various 
obscure  losses. 

We  are  all  famiHar  with  the  new  Standardization  Rules  issued 
by  the  American  Institute  of  Electrical  Engineers;  the  American 
Rules.  A  prime  mover  in  creating  these  Rules  was  the  author  of 
the  paper  of  the  evening.  Mr.  Lamme  steadily  advocated  con- 
servatism in  the  drafting  of  these  Rules.  If  I  remember  rightly, 
the  first  suggestion  of  the  plan  underlying  the  "  Conventional 
Efficiency  "  came  from  Mr.  Lamme.  He  realized  that  we  could 
rarely  make  these  laboratory  tests  which  would  give  the  true 
efficiency,  and  the  only  reasonable  commercial  thing  to  do  was  to 
make  sensible  assumi)tions  for  some  of  these  obscure  losses,  and 
he  always  said — '*  Let  us  make  these  allowances  large,  let  us 
make  them  such,  that  as  far  as  we  can  foresee,  they  are  certain 
to  at  least,  cover  these  actual  losses,"  and  so  we  have  in  the  Rules 
certain  allowances,  and  it  has  been  the  aim  of  the  Standards  Com- 
mittee, that  the  so-called  conventional  efficiency,  following  the 
recommendations  of  the  Rules,  will  generally  be  fully  as  low  as 
the  true  efficiency  at  which  you  could  arrive  if  you  were  to  make 
the  expensive  tests  which  would  be  necessary. 

Mr.  Lamme  referred  to  the  subject  of  temi)erature  rise  and  I 
believe  it  is  allowable  to  make  further  allusion  to  the  matter. 
The  previous  Rules  were  of  some  use  in  this  respect;  they  would 
give  us  some  rough  notion  of  what  the  temi)erature  of  the  parts 
of  the  machine  might  be.  As  the  years  advanced,  we  gradually 
accumulated  convincing  evidence  that  the  so-called  actual  hottest 
spots  in  the  machine  were  often  far  and  away  above  the 
temperature  you  obtained  with  thermometers.  Mr.  Lamme's 
attitude  was:  "  Let  us  recommend  certain  methods  of  getting 
at  the  very  highest  temperature,  make  a  clean  breast  of  it,  let 
everybody  know  that  these  machines  are  running  at  such  and 
such  a  high  temperature."  Consequently  it  was  necessary  to 
readjust  the  temperature  limits,  so  as  to  make  things  square  up. 
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That  was  a  very  good  plan.  It  recognizes  the  high  plane  which 
should  be  occupied  by  engineering. 

There  is  no  use  in  figuring  efficiencies  higher  than  they  really 
are.  There  is  no  use  in  employing  ideal  but  unattainable  curves 
in  estimating  core  losses.  Let  us  take  a  curve  which  will  be  sure 
not  to  leave  us  in  the  lurch.  Do  not  let  us  employ  the  ideal 
curves  and  say — **  This  is  the  predetermined  temperature  rise 
in  this  machine,'*  or  **  this  is  the  predetermined  efficiency  of  this 
machine,"  or  whatever  it  may  be,  and  then  never  realize  such 
results. 

I  should  like  to  call  attention  to  a  letter  which  very  oppor- 
tunely reached  me  today.  I  thought  it  was  so  relevant  to  this 
particular  subject  that  I  would  refer  to  it.  It  is  from  a  British 
engineer,  Prof.  Miles  Walker.  He  alludes  to  the  A.  I.  E.  E. 
Standardization  Rules,  in  paragraphs  452  and  453.  These 
paragraphs  define  the  no-load  losses.  The  letter  was  so  appro- 
priate to  the  paper,  and  so  thoroughly  corroborates  the  general 
attitude  that  Mr.  Lamme  has  emphasized,  that  I  thought  it 
would  be  interesting  to  refer  to  it.  In  reference  to  these  para- 
graphs Prof.  Miles.  Walker  says: 

**  Under  the  heading  *  No-Load  Core  Losses,*  of  course  this  refers 
to  all  the  losses  usually  included  in  an  *iron  loss  test,*  and  it  would 
be  well  to  have  a  statement  in  the  Rules  that  these  include  all 
eddy  current  losses  in  armature  conductors  and  frame  which 
occur  at  no  load.  There  is  a  good  deal  of  evidence  on  some 
classes  of  machines  that  a  very  large  proportion  of  the  no-load 
losses  are  not  core  losses." 

William  J.  Foster:  Several  years  ago  an  alternator  was  built 
that  was  three  or  four  times  as  large  as  anything  previously 
attempted — it  was  a  vertical  shaft  machine;  the  weight  of  the  core 
was  great,  and  the  clamps  were  made  much  stronger  than  ever 
before.  The  machine  was  put  together  with  great  pressure, 
to  say  nothing  about  the  weight  of  the  core  itself,  which  exerted 
great  pressure  on  the  lower  part  of  it.  When  that  machine 
was  tested  we  were  disappointed  in  the  efficiency,  as  the  guar- 
antee had  been  high  and  the  calculated  efficiency  was  high.  It 
occurred  to  some  of  us  inasmuch  as  every  element  in  the  design 
was  favorable  to  a  very  low  iron  loss  such  as  narrow  slots  with 
respect  to  the  air-gap  and  reasonable  magnetic  densities,  it 
might  be  due  to  the  fact  that  the  core  was  not  really  laminated 
as  we  thought,  and  so  the  second  core  was  put  up  with  con- 
siderably less  iron  in  it.  This  core  was  tested  without  putting 
the  regular  winding  in,  but  simply  a  potential  coil,  so  we  know 
when  we  had  the  normal  magnetic  densities.  We  found  a 
decided  improvement  in  the  loss,  something  like  thirty  or  forty 
per  cent. 

Then  we  started  in  to  put  in  more  and  more  iron,  and  got  back 
to  where  we  were  in  the  first  instance.  In  that  particular  case 
we  came  to  the  concluvsion  that  we  did  not  know  how  to  insulate 
our  laminations  for  that  kind  of  work.  We  then  started  in  to 
develop  a  better  method  of  insulating. 
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Confining^  ourselves  strictly  to  the  iron  losses,  I  am  a  great 
believer  in  the  proper  lamination  of  the  poles  where  we  build 
with  open  slots  and  have  non-magnetic  retaining  wedges.  There, 
again,  in  my  experience  we  have  had  just  as  great  surprises  in  the 
old  days  as  in  the  case  of  this  core  that  was  put  together  with  too 
great  pressure  for  the  insulation  that  was  used.  There  is  always, 
in  the  case  of  revolving  field  alternators  where  it  is  necessary  to 
look  out  for  the  safe  mechanical  structure,  a  temptation  to  use 
laminations  in  building  up  the  poles  that  are  too  thick  to  give 
good  results  in  the  matter  of  the  core  losses.  We  have  gotten 
in  the  way  of  using  core  loss  constants  with  reference  to  the 
product  of  several  factors,  such  as  the  thickness  of  the  lamina- 
tions, the  tooth  frequency,  the  breadth  of  the  slot  and  length  of 
the  air-gap. 

In  speaking  of  iron  losses,  as  confused  with  eddy  current  losses 
in  the  conductors  themselves, — an  interesting  case,  came  under 
my  observation  in  connection  with  a  turbo-generator,  of  about 
15,000  kw.  which  had  a  current  something  like  900  to  1,000 
amperes,  which  we  had  to  handle  in  a  single  circuit.  The  prob- 
lem first  came  up  in  connection  with  a  25-cycle  generator  which 
was  developed  with  a  certain  conductor,  that  proved  to  be  an 
excellent  machine  in  all  respects,  having  high  efficiency  and  low 
heating,  the  temperatures  being  determined  by  temperature 
coils  embedded  in  the  heart  of  the  slot.  By  a  little  slip,  or  a 
little  forgetfulness,  you  may  say,  the  same  conductor  was  put 
into  a  machine  of  practically  the  same  capacity,  but  60-cycles, 
where  there  were  just  three  or  four  factors  differing  enough  to . 
make  that  second  machine  an  impossible  one  as  far  as  meeting 
the  temperature  guarantees  were  concerned.  The  conductor 
was  laminated,  with  every  strand  insulated  throughout  the  entire 
length.  The  winding  consisted  of  two  conductors  per  slot  with 
connection  clips  at  both  ends,  which  solidified  or  short-circuited 
all  the  strands  of  the  conductor.  In  the  case  of  the  25-cycle 
machine,  the  core  was  relatively  short  and  the  pole  pitch  large. 
The  length  of  the  core  represented  the  e.  m.  f.  or  one  factor  in 
determining  how  much  current  was  circulating  between  the 
top  and  the  bottom  of  that  conductor,  while  the  total  length  of 
conductor  represented  the  resistance  or  the  other  factor.  The 
current  in  one  case  was  two  or  three  times  that  in  the  other, 
and  the  eddy  losses  were  several  times,  six  or  seven  times  as  high 
in  one  machine  as  in  the  other  per  unit  length  of  conductor. 
The  consequence  was  in  the  first  machine  they  amounted  to  a 
reasonable  percentage  of  the  legitimate  PR  loss,  say  20  or  30 
per  cent,  and  in  the  other  case  they  were  so  large  as  to  raise  the 
temperature  to  a  dangerous  point.  A  change  had  to  be  made  in 
that  60-cycle  machine.  The  25-cycle  machine  is  still  operating, — 
a  number  of  them, —  with  very  conservative  temperatures. 
That  was  simply  an  instance  of  oversight  in  designing. 

Joseph  L.  Burnham:  As  Mr.  Lamme  has  stated  the  **  treat- 
ment of  core  losses  is  qualitative  rather  than  quantitative  and  it 
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deals  with  the  simpler  phenomena  only/*  although*  these  phe- 
nomena are  of  major  importance.  The  value  of  the  paper  seems 
to  me  not  to  be  so  much  in  the  methods  of  calculation  developed 
as  in  calling  attention  to  the  conditions  to  be  avoided.  The 
calculations  are  rather  complicated  for  practical  work  and  depend 
too  much  upon  known  characteristics  of  the  material  (which  can- 
not be  depended  on)  and  also  upon  experience  which  can  only  be 
obtained  from  the  results  of  many  tests. 

The  previous  speakers  have  mentioned  the  advantages  to  be 
obtained  from  the  use  of  compensating  windings  but  have  not 
mentioned  that  there  are  other  sources  of  loss  induced  by  these 
windings  which  are  very  similar  to  the  losses  caused  by  variations 
in  flux  density  as  described  by  Mr.  Lamme  and  represented  in 
his  Fig.  2.  By  the  multiplication  of  the  compensating  windings 
made  necessary  in  modem  machines  of  high  armature  reaction, 
the  space  in  the  pole  face  becomes  crowded  so  that  care  must  be 
taken  that  local  densities  are  not  high  thus  causing  unequal  flux 
distributions.  Furthermore,  the  opposing  magnetization  of  the 
compensating  windings  and  the  armature  conductors  tends  to  set 
up  a  flux  around  the  periphery  of  the  armature,  so  that,  to  avoid 
the  bunching  of  this  flux  at  the  pole  tips,  the  reluctance  of  this 
path  should  be  made  high.  If  the  compensating  conductors  are 
not  placed  quite  close  to  the  surface  of  the  pole  face,  there  should 
be  narrow  slots  in  the  pole  face  between  the  compensating  con- 
ductors and  the  pole  face  parallel  to  the  conductors  to  increase 
the  reluctance  around  the  periphery  of  the  pole  face. 

L.  T.  Robinson:  I  will  add  one  word  to  cover  the  point  that 
Mr.  Hobart  brought  out.  I  think  there  may  be  a  little  doubt 
in  the  minds  of  some  of  you  as  to  the  difficulties  of  making  iron 
loss  tests  agree  with  the  losses  computed  from  determinations 
made  on  rings  or  other  samples.  I  do  not  think  there  is  any 
difficulty  in  arriving  at  an  answer,  which  is  as  correct  as  you 
can  arrive  at  anything  where  the  material  itself  is  subject  to  so 
much  variation. 

You  cannot,  certainly,  predetermine  the  core  losses  closer  than 
you  can  know  the  properties  of  the  material  which  you  are 
going  to  use,  and  you  do  not  know  that  very  closely.  That  must 
be  assumed.  In  cases  where  it  has  been  possible  to  know  exactly 
what  the  material  is,  it  has  been  possible  to  get  very  close.  I 
am  sure  you  could  get  similar  results  in  other  cases,  if  you  knew 
where  the  flux  went  and  how  much  of  it  went  in  certain  places. 
As  bearing  on  that  point,  I  notice  that  certain  figures  for  mag- 
netic flux  density  have  been  referred  to  as  180,000  lines  (jB* 
28,000).  This  estimate  is  much  higher  than  I  believe  it  should 
be.  The  assumption  is  no  doubt  made  that  whatever  flux  goes 
through  the  armattu^  is  bound  to  go  through  the  teeth.  Under 
the  conditions  of  use  the  permeability  of  these  teeth  is  very  low, 
and  no  doubt  a  large  percentage  of  the  flux  goes  through  the 
slots. 
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A.  S.  Langsdorf  (by  letter) :  The  best  determinations  of  pole 
face  losses  and  of  empirical  formulas  for  their  calculation  have 
been  made  by  operating  a  machine  as  a  motor  and  subtracting 
from  the  input  the  sum  of  the  other  losses.  It  is  well  known 
that  a  method  which  involves  the  evaluation  of  a  relatively 
small  quantity  by  taking  the  difference  between  two  relatively 
large  quantities  is  liable  to  considerable  percentage  error  even 
under  the  most  favorable  conditions;  and  in  the  case  of  such  a 
determination  of  pole  face  loss  the  inaccuracy  is  still  further 
enhanced  by  the  fact  that  the  sum  of  the  **  other  losses  "  is 
difficult  to  determine  because  it  includes  such  tmcertain  items  as 
losses  due  to  flux  pulsation,  brush  contact,  eddy  currents  in  arma- 
ture conductors,  and  distortion  of  flux  caused  by  armature 
reaction. 

Considerations  of  this  kind  led  the  writer  to  the  conviction 
that  a  reliable  determination  of  pole  face  loss  could  be  made 
only  by  a  radical  departure  from  previous  test  methods  and  by 
the  development  of  apparatus  that  would  permit  the  direct 
measurement  of  the  pole  face  loss  itself.     To  this  end  there  has 
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been  designed  a  special  machine  built  along  the  lines  of  a  homo- 
polar  generatpr,  as  indicated  in  Fig.  6.  The  frame  consists 
of  an  annealed  steel  casting  of  E  section  with  an  exciting  coil 
wound  on  the  central  core.  In  the  annular  space  between  the  • 
central  core  and  the  overhanging  outer  ring  (the  pole  face) 
there  is  centered  an  unwound,  laminated  toothed  core  assembled 
on  a  cast  iron  spider  carried  by  a  shaft  mounted  in  ball  bearings. 
The  toothed  core  is  driven  by  an  adjustable  speed  motor  through 
a  torsion  dynamometer.  The  only  losses  that  can  occur  in  this 
machine  are  the  pole  face  loss  and  the  friction  and  windage  loss; 
hysteresis  is  eliminated  because  of  the  fact  that  the  core  is 
traversed  by  a  unidirectional,  unvarying  flux;  eddy  currents  are 
eliminated  provided  the  flux  is  uniformly  distributed  around  the 
gap,  a  condition  that  is  easy  to  obtain  by  accurate  centering  and 
which  has  been  shown  to  exist  by  careful  tests.  Friction  and 
windage  at  any  speed  can  be  entirely  eliminated  by  taking  as 
zero  reading  of  the  dynamometer  that  setting  which  corresponds 
to  the  condition  of  zero  field  excitation,  hence  the  pole  face  loss 
can  be  read  directly. 

The  apparatus  readily  lends  itself  to  the  following  series  of 
tests: 
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1.  Dependence  of  the  pole  face  loss  upon  average  flux  density 
in  the  air-gap.  In  this  test  the  speed  of  the  core  is  kept  constant 
and  the  field  excitation  is  varied,  the  value  of  the  gap  induction 
being  determined  by  the  reading  of  a  voltmeter  connected  through 
slip  rings  to  a  piece  of  insulated  wire  stretched  across  the  tip 
of  a  tooth. 

2.  Dependence  of  the  pole  face  loss  upon  peripheral  velocity 
of  teeth.  In  this  test  the  flux  density  in  the  gap  is  kept  constant 
at  some  convenient  value. 

3.  Dependence  of  the  pole  face  loss  upon  the  slot  opening.  For 
this  purpose  two  interchangeable  cores  have  been  provided,  one 
having  straight  open  slots,  the  other  semi-closed  slots. 

4.  Dependence  of  the  pole  face  loss  upon  length  of  air-gap. 
After  completing  series  1,  2  and  3,  the  pole  face  is  to  be  bored  out 
slightly  and  a  new  series  taken,  this  process  being  repeated  until 
the  air-gap  has  been  increased  to  a  point  where  the  pole  face  loss 
is   negligible. 

5.  Dependence  of  pole  face  loss  upon  material  and  construction 
of  pole  face.  After  the  completion  of  the  four  series  outlined 
above,  the  overhanging  cast  steel  pole  face  will  be  cut  away  and 
in  its  place  there  will  be  successively  inserted  rings  of  cast  iron, 
and  laminated  steel. 

Although  the  construction  of  this  apparatus  was  undertaken 
some  time  ago,  a  long  series  of  mechanical  difficulties  had  to  be 
overcome  before  the  machine  could  be  made  to  give  dependable 
results.  Work  on  series  1  and  2  is  in  progress  at  this  writing. 
The  results  thus  far  obtained  indicate  that  the  pole  face  loss 
varies  at  a  slightly  greater  rate  than  the  second  power  of  the  gap 
induction,  and  very  nearly  as  the  3/2  power  of  the  peripheral 
velocity,  in  accordance  with  theory.  The  writer  hopes  to  be 
able  to  present  detailed  reports  at  a  later  date. 

B.  G.  Lamme:  Mr.  Erben,  in  his  discussion,  has  referred 
to  certain  pole  shapes  which  reduce  flux  distortion  with  load  and 
thus  lessen  or  prevent  iron  losses  due  to  increase  in  load.  How- 
ever, the  arrangements  which  he  has  shown  are  not  suitable  for 
reversible  operation,  especially  where  there  are  liable  to  be  very 
heavy  loads  with  weak  fields.  For  instance,  take  reversing  mills 
working  on  the  variable  voltage  system,  where  there  are  fre- 
quent excessively  hea\'y  currents  at  almost  zero  field  fluxes.  In 
such  machines,  as  a  rule,  compensating  windings  are  used  to 
prevent  flux  distortion,  primarily  to  avoid  high  volta^ges  between 
commutator  bars  and  to  help  commutation.  Reduction  in 
armature  core  loss  is  not  a  first  consideration  in  such  machines, 
but  the  compensating  winding,  of  course,  does  reduce  the  loss 
somewhat. 

Referring  next  to  the  point  which  Mr.  Hobart  mentioned, 
namely,  the  desirability  of  admitting  that  we  cannot  calculate 
certain  things  in  electrical  apparatus,  with  any  great  accuracy; 
I  have  always  been  a  believer  in  the  doctrine  that  if  there  are 
limitations  to  our  doing  a  certain  thing,  it  is  much  better  to 
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recognize  such  limitations  and  admit  Ihem,  and  in  that  way  more 
progress  will  be  made.  If  we  cannot  calculate  all  the  losses  in 
a  machine  with  any  great  accuracy,  it  is  better  to  analyze  them, 
as  far  as  possible,  and  find  where  and  why  accuracy  is  not  practi- 
cable. We  should  recognize  what  we  cannot  do  and  what  the 
real  limitations  are  and  we  are  then  in  a  much  safer  position  than 
if  we  go  ahead  blindly.  For  many  years  the  Standardization 
Rules  of  the  American  Institute  of  Electrical  Engineers  were 
very  apt  to  mislead  the  public.  For  instance,  in  the  problems 
of  temperature  measurements,  practically  everybody  outside  of 
the  manufacturing  companies  thought  that  accurate  tempera- 
ture determination  was  a  practical  condition.  One  of  the  great 
things  we  did  in  the  last  revision  of  these  Standardization  Rules, 
was  to  show  the  possibilities  of  inaccuracy  in  tcmperatiire  deter- 
mination. We  openly  admitted  that  temperature  measurements 
as  carried  out  practically,  were  only  ap])roximations,  and,  in 
my  opinion,  in  taking  this  stand  we  really  took  a  long  step  for- 
ward in  the  art.  The  same  holds  true  in  regard  to  efficiency.  If 
we  know  that  we  cannot  measure  it  exactly  and  will  tell  why  we 
cannot  do  so,  then  by  so  much  we  advance  the  art.  The  same 
holds  true  with  core  losses.  However,  there  is  this  difference 
between  core  loss  determination  and  the  other  instances  just 
cited,  namely,  core  losses  can  be  predetermined  with  very  con- 
siderable accuracy,  by  what  may  he  considered  as  empirical 
methods.  These  calculations,  however,  may  be^  considered 
more  in  the  nature  of  estimates  than  true  calculations. 

The  point  which  I  wish  to  bring  out  in  particular  is,  that  if 
we  know  wherein  inaccuracies  are  liable  to  occur  in  our  calcu- 
lations, and  also  know  how  much  the  errors  are  liable  to  be,  in 
new  classes  of  work  in  particular,  then  we  are  in  a  position  to 
allow  sufficient  margin  of  safety.  The  difference  between 
exjDerience  and  inex])erience  in  a  designer,  is  often  indicated  by 
this  margin  of  safety. 


PrestnUd  at  the  31914   meeting  of  the  American 
Institute  of  EUclrieal  Engineers,    New  York, 

March  xo,  19x6. 

Copyright   1916.     By  A.  I.  B.  E. 


THE  INFLUENCE  OF  FREQUENCY  OF  ALTERNATING 

OR  INFREQUENTLY  REVERSED   CURRENT  ON 

ELECTROLYTIC  CORROSION 


BY  BURTON  MCCOLLUM  AND  G.  H.  AHLBORN 


Abstract  of  Paper 

This  paper  describes  experimental  work  done  to  determine 
the  co-emdent  of  corrosion  of  iron  and  lead  in  soil  with  varying 
frequencies  of  alternating  or  reversed  current  with  60  cycles  per 
second  as  the  highest  frequency  and  a  two- week  period  as  lowest — 
some  d-c.  tests  being  made  as  a  check  on  the  methods.  The 
results  show  (1),  that  a  decrease  of  corrosion  occurs  with  an  in- 
crease in  frequency;  (2),  that  the  corrosion  is  practically  negligible 
below  a  five-minute  period;  (3),  that  there  is,  a  limiting  frequency 
above  which  practically  no  corrosion  occurs;  (4),  that  certain 
chemicals  affect  the  natural  and  electrolytic  corrosion  of  the  two 
metals  quite  differently;  (5),  that  the  loss  of  lead  in  soil  on 
direct  current  is  about  25  per  cent  of  the  theoretical  loss;  and  (6)» 
that  alternating  or  reversed  current  with  as  long  periods  as  a  day 
or  a  week  would  in  the  case  of  iron  materially  reduce  the  damage 
to  underground  structures. 

The  importance  of  these  results  grows  out  of  the  fact  that 
there  are  large  areas  in  practicaUy  every  city  in  which  the  polarity 
of  the  underground  pipes  reverses  with  periods  ranging  from  a 
few  seconds  to  an  hour  or  more  due  to  the  shifting  of  railway 
loads.  The  investigation  shows  that  the  corrosion  under  such 
conditions  is  much  less  than  has  generally  been  supposed. 


I.  INTRODUCTION 

THE  TERMS  ' 'electrolytic  corrosion^'  and  "electrolysis* ' 
have  been  used  to  designate  corrosion  caused  by  the  dis- 
charge of  electric  currents  which  entered  the  metal  from  out- 
side sources.  In  this  paper  the  term  a-c.  electrolysis  applies 
not  only  to  electrolysis  from  ordinary  alternating  currents  of 
commercial  frequencies,  but  also  to  alternating  currents  of 
much  longer  periods,  such  as  several  minutes  or  even  a  day 
or  longer.  Alternating  currents  of  such  long  periods  are  very 
common  on  portions  of  underground  pipe  systems  of  prac- 
tically every  city  due  to  the  continual  shifting  of  railway  loads 
which  causes  the  pipes  within  a  large  area,  commonly  called 
the  neutral  zone,  to  continually  change  their  polarity  with 
respect  to  the  earth.  In  this  paper  the  term  "coefficient  of 
corrosion"  is  frequently  used  in  connection  with  the  corrosion 
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of  an  anode.  This  factor  is  the  ratio  of  the  actual  corrosion 
observed  to  that  which  would  have  occurred  if  all  of  the  elec- 
trode reactions  determined  by  Faraday's  law  had  been  in- 
volved solely  in  corroding  the  anode.  Thus  if  the  theoretical 
corrosion  in  any  case  was  100  grams  and  the  observed  cor- 
rosion 46  grams,  the  "coefficient  of  corrosion"  would  be  0.46. 
This  is  sometimes  called  "efficiency  of  corrosion." 

Importance  and  Scope  op  the  Present  Investigation 
Since  most  of  the  electrolysis  which  occurs  is  due  to  stray 
currents  from  electric  railways,  and  since  only  a  small  per- 
centage of  these  operate  with  alternating  current,  it  might 
seem  at  first  thought  that  a-c.  electrolysis  is  of  rather  infre- 
quent occurrence,  and  that  the  problems  connected  with  it 
do  not  deserve  much  attention.  However,  in  addition  to  the 
railways  which  use  alternating  or  reverse  currents  as  motive 
power,  such  currents  .  often  result  as  an  incident  of  railway 
operation.  These  occur  not  only  in  the  ordinary  negative 
systems  of  railways  as  mentioned  above,  as  the  trolley  load 
shifts  from  point  to  point  on  the  track  with  the  movement  of 
the  cars,  but  they  occur  to  a  greater  extent  and  in  a  much  larger 
territory  in  the  case  of  negative  return  systems  in  which  in- 
sulated negative  feeders  are  used.  In  such  systems  the  poten- 
tial differences  between  pipes  and  tracks  can  be  greatly  reduced, 
but  this  is  accompanied  by  a  large  increase  in  the  ar^a  of  the 
so-called  neutral  zone  in  which  the  polarity  of  the  pipes  is 
continually  changing  from  positive  to  negative.  With  certain 
types  of  three-wire  systems  which  are  now  being  seriously  con- 
sidered in  some  places  for  the  prevention  of  electrolysis,  there 
will  be  large  areas  in  which  the  polarity  of  the  pipes  will  fluct- 
uate between  small  positive  and  negative  values.  It  has  also 
been  proposed  that  with  the  usual  type  of  return  that  the  trolley 
be  made  alternately  positive  and  negative  on  succeeding  days 
or  weeks.  All  of  these  methods  would  have  the  effect  of  re- 
versing the  current  flow  on  underground  structures,  and  the 
period  of  the  cycle  would  vary  from  a  few  seconds  to  a  day 
or  longer.  Moreover,  the  frequent  grounding  of  60-cycle  light- 
ing circuits  permits  a  certain  amount  of  leakage  from  those 
systems,  and  the  corrosion  produced,  especially  in  case  of  ac- 
cidental grounds  on  other  parts  of  the  system,  would  be  of 
considerable  importance  if  alternating  current  gave  rise  to  seri- 
ous corrosion.  It  is  therefore  of  great  practical  importance 
to  determine  the  extent  to  which  periodically  reversed  currents 
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of  these  long   periods  will   produce   corrosion  on   subsurface 
metallic  structures. 

Work  of  Previous  Investigators 
A  number  of  writers  have  advanced  theories  concerning 
laws  governing  a-c.  electrolysis  and  a  considerable  amount  of 
experimental  work  has  been  done  with  frequencies  of  25  to 
60  cycles.  One  writer,  discussing  the  phenomenon  from  the 
standpoint  of  the  decomposition  of  the  electrolyte/  arrives  at 
certain  conclusions:  (1),  That  the  quantity  of  electrolyte  de- 
composed by  alternating  current  is  less  than  by  direct  ctirrent; 
(2),  that  it  is  proportional  to  the  electrode  current  density; 
(3),  that  there  is  a  limiting  electrode  current  density  below 
which  no  decomposition  of  the  electrolyte  occurs;  (4),  that  the 
quantity  decreases  with  an  increase  in  the  frequency  of  al- 
ternations, and  that  there  is  a  limiting  rapidity  of  alternation 
above  which  there  is  no  decomposition.  Conclusions  (1),  (3), 
and  (4)  seem  borne  out  by  the  experimental  work  described 
later. 

With  reference  to  the  dynamic  characteristics  of  electrolytic 
cells,  several  writers  have  determined  by  experimental  work,' 
chiefly  with  the  oscillograph,  that  such  cells  affect  the  wave 
form.  As  one  writer  states,  the  chemical  polarization  in  the 
qell  causes  it  to  behave  as  a  variable  condenser  with  a  resist- 
ance in  parallel  and  in  series. 

With  a  very  special  set  of  conditions  one  experimenter'  has 
noted  an  amount  of  corrosion  of  the  electrodes  varying  from 
zero  to  35  per  cent,  with  60-cycle  current,  and  he  arrives  at 
the  conclusion  that  the  corrosion  is  practically  independent 
of  the  current  density  of  the  electrodes  and  temperature;  and 
also  that  stirring  of  the  solution  has  no  effect.  He  states  that 
the  corrosion  does  depend  on  the  condition  of  the  electrode 
surface  but  does  not  attempt  to  state  the  principle  of  this 
variation. 

1.  Dr.  Guglielmo  Mengarini,  Electricnl  World,  Vol.  18,  No.  6,  p.  96., 
Aug.  8,  1891. 

2.  Ruchinstein,  D.  Electrolysis  with  Alternating  Current  Dynamic 
Characteristic  of  an  Electrolytic  Cell.  Zeitschrift  JUr  EUctrochemie 
December  1,  1909;  LeBlanc,  M.  The  e.m.fs.  of  Polarization  and  their 
Measurement  by  the  Oscillograph.  Deut.  Bunsen  Geselschaft.  No.  3, 
Alternating  Current  Electrolysis  Use  of  Oscillograph  in  Connection  with 
Polarization.     Zeitschrift  fur  EUctrochemie   11,   707,    1905. 

3.  White,  G.  R.,  Alternating  Current  Electrolysis  with  Cadmium 
Electrodes. 
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Experiments  of  more  practical  importance  to  the  engineering 
world  were  conducted  in  1905.*  Twenty-five-cycle  current 
was  impressed  on  iron  and  lead  pipes  buried  in  soil  and  it  was 
found  that  the  corrosion  was  practically  the  same  as  that  due 
to  the  soil  alone.  No  figiu-es  of  exact  losses  are  given.  Al- 
ternating'current  of  25-cycle  frequency  was  impressed  on  lead 
and  iron  plates  in  salt  solution  and  direct  current  was  impressed 
on  other  plates  in  a  similar  electrolyte  and  it  was  found  that 
the  loss  was  negligible  for  the  alternating  current  and  very 
large  for  the  direct  current. 

Only  a  year  or  so  later  a  large  number  of  tests  were  conducted 
with  25-cycle,  60-cycle,  and  direct  current  on  iron  and  lead 
plates.*  The  conditions  were  varied  by  using  different  soils, 
salts  added  to  soils,  varying  the  temperature  and  current  den- 
sity. The  results  show  that  although  there  is  quite  a  large 
variation  in  the  loss  with  different  specimens  and  that  the  25- 
cycle  losses  are  uniformly  greater  than  the  60-cycle;  these  losses 
never  exceed  one  per  cent  under  normal  temperature  con- 
ditions. The  writer  notes  that  some  salts,  for  example,  car- 
bonates and  alkaline  compounds,  reduce  the  electrolytic  cor- 
rosion of  lead  plates.  He  found  that  an  increase  of  tempera- 
tiu-e  to  40  deg.  cent,  increases  the  corrosion  to  about  one  per 
cent.  His  final  conclusions  are  that  a-c.  electrolysis  is  more 
irregular  than  d-c.  electrolysis,  that  nitrates  increase  corrosion 
and  carbonates  generally  decrease  it,  but  that  the  effect  is  not 
great  enough  to  be  of  practical  use  for  protecting  lead  cables; 
that  lead  is  more  readily  attacked  than  iron;  that  the  current 
density  does  not  appreciably  affect  corrosion  except  indirectly 
by  increase  of  temperature;  and  that  the  corrosion  increases 
with  a  decrease  in  frequency.  He  attempts  to  protect  lead 
specimens  by  making  them  negative  either  by  connecting  them 
to  a  zinc  plate  or  with  a  small  direct  current,  and  finds  that  the 
loss  is  considerably  less  than  with  the  alternating  current  alone. 
He  finds  that  a  current  of  one  per  cent  of  the  value  of  the  al- 
ternating current  is  sufficient  to  give  practically  complete  pro- 
tection, the  corrosion  in  some  instances  being  less  than  that 
due  to  natural  corrosion  alone.  It  will  be  noted  in  the  above 
experimental  work  that  the  different  variables  employed,  such 

4.  Kintner,  S.  M.,  Alternating  Current  Electrolysis,  Electric  Journal, 
Vol.  2.   p.  668,   1905. 

5.  Hayden,  J.  L.  R.,  Alternating  Current  Electrolysis,  Trans. 
A.  I.  E.  E.,  Vol.  XXVI,  Part  I,  p.  201. 
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as  current  density,  chemicals,  temperature,  etc.,  do  change 
the  action  of  alternating  current,  but  that  in  practically  no 
case  did  the  losses  exceed  one  per  cent.  When  we  consider 
the  large  variation  of  the  electrochemical  loss  produced  by 
direct  current  under  identical  conditions,  it  is  evident  that 
differences  obtained  between  25-  and  60-cycle  current  are  prac- 
tically negligible. 

Purpose  of  this  Paper 
The  data  discussed  in  this  paper  were  obtained  as  a  part 
of  the  general  investigation  of  electrolysis  conducted  by  the 
Bureau  of  Standards.  Its  object  is  not  to  determine  the  laws 
which  govern  electrolytic  corrosion  at  any  one  frequency,  but 
to  take  a  standard  set  of  conditions  approaching  as  nearly  as 
possible  those  existing  in  practise,  that  is,  wrought  iron  pipes 
and  lead  sheaths  imbedded  in  soil  and  to  determine  the  corro- 
sion which  will  occur  in  the  range  of  frequencies  mentioned 
above,  namely,  for  frequencies  ranging  from  60  cycles  per 
second  to  a  week  or  more  per  cycle.  These  data  will  be  of 
material  assistance  in  determining  the  effectiveness  of  many 
of  the  proposed  systems  of  electrolysis  mitigation. 

II.  DISCUSSION 
Preliminary   Experiments   on   Effect   of   Circulation   of 
Electrolyte 

Before  beginning  the  more  complete  series  of  tests  to  de- 
termine the  effect  of  change  in  frequency,  a  number  of  pre- 
liminary experiments  were  carried  out  in  order  to  throw  light 
on  certain  theoretical  aspects  of  the  question  under  consider- 
ation. Theoretical  considerations  led  to  the  helici  that  the 
corrosion  of  frequently  reversed  cvirrcnts  would  he  materially 
increased  by  rapid  circulation  of  the  electrolyte  and  dimin- 
ished by  conditions  which  tended  to  restrict  such  circulation. 
If  this  were  true  it  was  reasoned  that  in  the  case  of  metals 
biuied  in  soils,  in  which  the  circulation  of  electrolyte  is  greatly 
restricted,  relatively  little  corrosion  would  occur  even  with 
'  periodically  reversed  currents  of  long  period.  Accordingly,  a 
number  of  experiments  were  carried  out  to  determine  the 
effect  of  circulation  of  the  electrolyte  on  th(^  cocflicient  of 
corrosion. 

A  set  of  four  cells  with  wrought  iron  electrodes  and  a  one 
per  cent  NaCl  solution  as  the  electrolyte  were  connected  in 
series  on  60-cycle  current.     The  electrolyte  in  cell  No.   1  (see 
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Fig.  1)  was  stirred  by  a  small  turbine  and  in  No.  2  the  elec- 
trolyte was  undisturbed;  in  No.  3  the  electrodes  were  wrapped 
with  filter  paper;  and  in  No.  4  the  electrolyte  was  pre- 
vented from  mechanical  circulation  by  gelatin.  Iron  elec- 
trodes which  were  carefully  weighed  were  connected  in 
the    circuits    and    the    current    was    maintained    at  about  a 
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Wrapping 


Quiet 


Stirred 


Fkj.  1 — Arrangement  of  Four  Cells 

half  ampere  for  nearly  200  hours.  At  the  end  of  the  run  the 
electrodes  were  again  weighed  and  the  loss  determined  by 
difference  from  the  initial  weight.  Based  on  the  theoretical 
loss,  which  would  have  been  about  100  grams,  the  coefficients 
of  corrosion  (sec  Table  I)  are  0.0034  for  the  stirred  electrolyte; 
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0.002  in  the  stationary  solution;  0.0009  when  protected  by 
filter  i)aper;  0.0007  in  the  gelatin.  It  seems  evident  that  the 
chemical  action  is  not  as  reversible  when  the  electrolyte  is 
in  motion  about  the  electrodes  as  when  stationary.  In  order 
to  determine  this  effect  more  exactly  a  single  cell  was  con- 
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nected  as  shown  in  Fig.  2.  Here  there  were  two  electrodes 
with  no  current  impressed  to  determine  the  natural  corrosion 
and  two  serving  as  current  electrodes.  One  of  these  was  in 
the  electrolyte  stirred  by  the  turbine  and  the  other  was  wrapped 
in  filter  paper  and  buried  in  sand  saturated  with  the  solution. 
After  correcting  for  the  natural  corrosion  it  was  found  that  the 

TABLE  I. 
EFFECTS    DUE    TO    VARIATION'S    IN    THE    CIRCULATION    OF    THE 
ELECTROLYTE 
60-Cycle  Current 
Wrought  Iron  Electrodes 
1  per  cent  NaCl  Solution  Electrolyte 


State 

of 

electrolyte 

Total 

corrosion 

grams 

Current 
ampere-hours 

Coefficient 

of 
corrosion 

Stirred     .   . . 

0  344 
0.202 
0.088 
0.074 
0.065 
0.016 

96 
96 
96 
96 
160 
160 

0.0034 
0.0020 
0.0009 
0.0007 
0.0004 
0.0001 

Stationary 

Filter  paper,  separation 

Gelatin 

Stirred 

Sand  saturated 

TABLE  II. 
EFFECTS    DUE    TO    VARIATIONS    IN    THE    riRCULATION    OF   THE 
ELECTROLYTE 
20-Cycle  Current 
Wrought  Iron  Electrodes 
1  per  cent  NaCl  Solution  Electrolyte. 


State 

of 

electrolyte 

Total 

corrosion 

grams 

Current 
ampere-hours 

Coefficient 

of 

corrosion 

Stirred .    . 

0.079 
0.009 

144   4 
144.4 

0  0005 
0.00006 

Sand,  saturated 

coefficient  of  corrosion  was  0.0004  for  the  upx)er  electrode  and 
0.0001  for  the  lower.  The  results  are  shown  in  Table  I.  The 
same  type  of  cell  was  operated  on  20-cycle  alternating  current 
with  the  losses  as  shown  in  Table  II.  It  w411  be  noted  that  the 
loss  values  are  almost  exactly  the  same  as  those  on  60  cycles 
under  the  same  conditions  and  in  every  case  are  considerably 
less  than  0.005.  The  same  type  of  cell  was  placed  in  a  d-c. 
circuit  which  was  reversed  every  24  hours.     As  might  be  ex- 
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pec  ted,  the  losses  were  very  much  greater,  as  shown  by  Table 
III;  although  the  number  of  ampere-hours  was  considerably 
less  than  that  used  in  the  previous  experiments.  The  elec- 
trode surrounded  by  the  moving  solution  had  a  loss  corres- 
ponding to  a  coefficient  of  corrosion  of  0.45,  while  the  other 
gave  0.32,  the  difference  due  to  stirring  thus  being  even  more 
evident  on  the  slow  reversals  than  on  the  high  frequencies. 
If  only  the  current  discharged  by  each  electrode  as  anode 
were  considered,  the  coefficient  of  corrosion  in  the  stirred 
solution  was  0.90,  and  that  in  the  confined  electrolyte  was  64 
per  cent. 

TABLE  III. 
EFFECTS    DUE    TO    VARIATION     IX     THE    CIRCULATION    OF    THE 
ELECTROLYTE. 
24 -Hour  Reversals 
Wrought  Iron — Electrodes 
1  per  cent  NaCl  Solution  Electrolyte. 


State 

of 

electrolyte 

Electrolytic 

corrosion 

grams 

Current 
ampere-hours 

Coefficient 

of 
corrosion 

Stirred. .- 

45.45 
32  45 

97.1 
97   1 

0.46 
0.32 

Sand,  saturated 

The  foregoing  results  show  that  the  free  circulation  of  the  elec- 
trolyte has  a  pronounced  effect  on  the  coefficient  of  corrosion,  and 
that  this  effect  is  greater  the  lower  the  frequency  of  alternation 
of  the  current.  They  show  that  the  low  corrosion  coefficient 
on  alternating  current  is  not  determined  solely  by  the  speed 
of  the  reactions  and  the  frequency  of  alternations.  A  more 
probable  explanation  is  that  the  corrosion  during  any  half 
cycle  in  which  the  electrode  is  anode  takes  place  in  accordance 
with  Faraday's  law,  as  in  the  case  of  direct  current,  but  that 
during  the  succeeding  half-cycle  when  the  electrode  is  cathode 
a  large  part  of  the  corroded  metal  is  electroplated  back  on  the 
electrode.  The  increased  corrosion  due  to  circulation  of  the 
electrolyte  would  be  expected  under  this  theory,  since  the 
convection  currents  in  the  liquid  would  carry  away  from  the 
electrode  surface  a  part  of  the  metal  that  has  been  corroded 
during  the  half  of  the  cycle  when  the  electrode  is  anode,  thus 
preventing  as  complete  a  redeposition  during  the  succeeding 
half-cycle  as  would  otherwise  occur.  In  particular  these  con- 
vection   currents  in  the  electrolyte  would  bring  into  contact 
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with  the  metallic  ions,  oxygen  or  other  chemicals  which  would 
tend  to  form  insoluble  compounds,  thus  rendering  the  corrosive 
process  irreversible. 

Accepting  the  above  theory,  we  would  expect  that  in  the  case 
of  iron  or  lead  buried  in  soils,  in  which  circulation  of  the  elec- 
trolyte is  greatly  restricted,  the  corrosive  process  would  be 
in  large  degree  reversible  even  with  much  longer  periods  of 
reversal  than  in  the  case  of  liquid  electrolytes,  and  it  seemed 
possible  that  this  condition  might  prev^ail  even  where  the  period 
of  the  cycle  is  several  minutes  or  longer,  as  in  the  case  of  the 
polarity  of  buried  pipes  in  many  localities  as  mentioned  above. 
This  was  found  to  be  actually  the  case,  as  the  follo^\4ng  des- 
cribed experiments  show. 

Complete  Series  of  Tests 
(a)  Arrangements,     With    the   results   of   the   above   experi- 
ments in  view  a  more  complete  scries  of  tests  was  planned. 

vSincc  there  is  considerable  varia- 
tion among  individual  specimens, 
it  was  recognized  that  quite  a 
number  of  specimens  under  each 
frequency  would  be  necessary  in 
order  to  get  a  fair  average.  The 
S])ecimens  were  arranged  in  cells 
having  two  current -carrying  elec- 
trodes and  one  specimen  subjected 
only  to  soil  corrosion,  this  speci- 
men being  i:)rotcctcd  from  the  flow 
of  current  l)y  a  glass  cyclinder  as 
shown  in  Fig.  3.  In  a  few  cases 
the  effect  of  adding  sodium  car- 
bonate to  tlie  soil  was  studied. 
For  r<)nvcnience  the  greater  part 
of  the  tests  were  made  in  jars  in  the  laboratory,  but  a  number 
were  made  in  specimens  buried  in  soil  out  of  doors  in  order  to 
check  the  results  obtained  in  the  laboratory.  The  agreement 
between  the  results  under  the  two  conditions  was  found  to  be 
satisfactory.     The  entire  series  is  outlined  in  Table  IV. 

(i)  Electrolyte.  In  determining  the  coefficient  of  corrosion 
with  different  frequencies  of  current  reversal  it  is  desirable 
to  simulate  operating  conditions  as  nearly  as  is  feasible  in  a 
complete  and  general  test.     For  this  reason  soil  was  selected 
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as  the  electrolytic  medium  rather  than  water  which  contains 
the  soluble  constituents  found  to  exist  in  soil  by  chemical 
analysis.  Conditions  of  circulation  of  the  electrolyte  and  the 
electrolytic  transfer  in  it  are  very  different  than  in  soil.  The 
soil  used  was  natural  soil  near  the  Bureau  of  Standards — a 
light  clay  having  a  resistance  of  8000  ohms  per  centimeter  cube 
at  approximate  saturation.  It  w^ill  support  a  good  vegetable 
growth  and  is  a  fairly  normal  soil.     Soil  from  the  same  locality 


Electrodes 

Iron 

Lead 


TABLE  IV. 
SUMMARY  OF  TESTS, 
a.      Dimensions  of  Electrodes. 

Indoor  Outdoor 

5x5x05  cm 20  x  20  x  0.2  cm. 

5   X  5  X  0.2  cm 15   x   15  x  0.4   cm. 


b.     Frequencies  Used  and  Number  of  Specimens  Used  for  both  Iron  and  Lead. 


Frequency 

of 

reversal 

Number  of  specimens 

Outdoor  Tests 

Indoor 

Natural 
Soil 

Soil  with 
NaiCOa 

60  cycles  per  sec     

18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 

18 
18 

18 

18 
18 

3  large  1 

•  Iron  only. 

3        "     J 

3 

15  cycles  per  sec 

1-sec.  cycle 

6-sec.  cycle 

1-min.  cycle 

5-min.  cycle 

10-inin.  cycle                     .  . 

1-hr.  cycle 

2-day  cycle 

2-week  cycle 

Direct  current 

Totals            

198 

90 

9  large 

Grand  total  for  iron 

lead.... 

"    "    alltests. 


297 
.291 

.588 


was  used  in  the  experiments  descriVjed  in  a  previous  Bureau 
of  Standards  report®  and  a  coefiicient  of  corrosion  of  100  ob- 
tained on  iron  at  a  definite  current  density. 

{c)  Conditions  of  the  Tests.  Sorne  of  the  tests  were  run  in 
the  soil  out  of  doors  with  natural  drainage  and  aeration.  Al- 
though it  was  considered  very  desirable  to  make  a  number 
of  such  tests,  to  run  a  complete  series  in  outside  soil  would 

6.  McCollum  and  Logan;  Technologic  Paper  No.  25.  Electrolytic 
Corrosion  of  Iron  in  Soils. 
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have  been  very  difficult  on  account  of  interference  by  weather, 
difficulty  of  getting  electrical  connections  to  many  electrolytic 
cells,  and  especially  the  insulating  of  the  various  sets  from 
each  other,  which  would  be  necessary  in  order  to  determine 
the  current  actually  entering  or  leaving  each  specimen.  The 
cells  used  in  the  inside  laboratory  tests  were  1-gal.  (3.8-liter) 
earthenware  jars  filled  with  soil  to  about  3  cm.  from  the  top 
(about  3  kg.)  kept  practically  saturated  by  adding  a  quantity 
of  distilled  water  every  day.  The  tops  were  left  open  that 
evaporation  and  aeration  might  go  on  in  a  normal  way. 

(d)  Chemicals.  Since  some  soils  vary  widely  in  chemical 
constituents  and  these  may  have  a  pronounced  effect  on  the 
rate  of  corrosion,  it  seems  desirable  to  vary  those  constituents 
in  the  soil  which  may  be  ex[)ected  to  affect  the  corrosion.  As 
indicated  by  preliminary  tests,  sodium  carbonate  (Na2C03) 
has  a  very  considerable  effect  on  the  electrolytic  corrosion  of 
both  iron  and  lead;  moreover  sodium  is  a  common  element  in 
soil,  as  are  carbonates;  and  this  combination  is  quite  soluble, 
which  makes  it  a  satisfactory  compound  to  use  in  the  soil, 
0.5  per  cent  being  added  to  certain  cells,  as  shown  in  Table  IV. 

(e)  Electrodes.  Since  iron  and  lead  are  the  two  metals  com- 
monly serving  as  underground  electrical  conductors  exposed 
to  soil  they  were  selected  as  the  materials  for  specimens  in 
these  tests.  The  above  mentioned  report  shows  that  the 
corrosion  of  differ-ent  kinds  of  iron  docs  not  differ  by  large 
percentages  under  the  conditions  of  these  tests,  and  since 
''American  iron,"  which  is  Bessemer  process  steel,  is  obtain- 
able in  convenient  form  it  was  ado])ted.  This  material  was 
fine-grained  and  quite  i)urc,  having  about  one-tenth  per  cent 
carbon  and  no  slag.  The  lead  was  commercially  pure  and 
on  analysis  was  found  to  contain  traces  of  tin  or  antimony. 
Indoor  specimens  were  5  by  5  cm.  square,  the  iron  being  about 
0.5  cm.  thick  and  the  lead  0.2  cm.  thick.  The  outdoor  iron 
specimens  were  20  cm.   square  and  about  0.2  cm.  thick. 

The  mill  scale  and  oxide  left  on  the  materials  in  the  ]:)rocess 
of  manufacture  were  not  removed,  since  it  was  felt  that  with 
alternating  current  the  surface  might  affect  the  corrosion  con- 
siderably more  than  with  direct  current.  The  leading-in  wire 
was  soldered  to  a  corner  of  each  s|)ccimen  and  a  number  stamped 
on  the  same  corner.  It  was  then  weighed  and  a  glass  tube 
put  over  the  lead  and  the  tube  was  then  sealed  with  pitch 
and  the  lead  attachment  and  numl)er  covered  with  the  same 
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material.  This  type  of  connection  failed  in  very  few  instances 
due  to  corrosion  and  the  tube  and  pitch  were  easily  removed  with 
toluol  before  the  specimen  was  reweighed. 

(/)  Frequency.  In  determining  the  frequency  of  reversal  of 
current  two  things  must  be  considered:  first,  the  frequencies 
found  in  practise;  and  second,  the  completeness  of  the  series 
so  that  a  suitable  curve  could  be  obtained  showing  the  rela- 
tion between  the  corrosion  coefficients  and  the  frequency  of 
reversal  of  current.  The  standard  lighting  frequency,  60 
cycles  is  available,  and  15  cycles  adopted  as  about  the  lowest 
frequency,  proposed  for  power  work.  To  obtain  the  slow 
reversals  a  reversing  commutator  machine  was  built  which  is 
described  in  detail  later.  It  gave  periods  of  one  second,  6 
seconds,  1  minute,  5  minutes,  10  minutes,  and  1  hour.  The 
short  periods  of  reversal  were  adopted  because  reversals  of 
polarity  of  such  frequencies  commonly  occur  in  the  usual 
operation  of  a  street  railway  system  as  pointed  out  above. 
Daily  and  weekly  reversals  and  d-c.  tests  were  also  made. 
The  d-c.  specimens  serve  as  a  check  on  the  theoretical  coef- 
ficient of  corrosion. 

{g)  Current  Density.  The  current  density  flowing  to  or  from 
the  plates  was  intended  to  be  such  as  to  produce  approximately 
100  as  the  coefficient  of  corrosion  with  d-c.  electrolysis.  This 
is  shown  in  Technologic  Paper  No.  25  of  the  Bureau  of  Stand- 
ards above  referred  to,  to  be  about  0.5  milliampere  per  sq. 
cm.  for  iron  and  approximately  this  value  was  used  on  both 
the  indoor  and  outdoor  specimens. 

(A)  Length  of  Run.  The  tests  were  contined  until  enough 
effect  was  produced  to  permit  of  accurate  determination  of 
the  differences  in  weight  of  the  specimens  before  and  after 
test.  It  was  also  intended  that  one  of  the  tests  should  be 
continued  until  a  state  of  equilibrium  was  reached  in  the  cell; 
that  is,  until  the  rate  of  corrosion  was  not  changing  rapidly 
as  might  be  the  case  during  the  first  few  cycles  of  current. 
Moreover,  the  cells  should  not  be  run  to  an  exhaustion  of  the 
soluble  chemicals,  their  concentration  being  probably  closely 
related  to  the  amount  and  rate  of  corrosion  occurring  on  the 
electrodes.  Since  the  current  density  is  the  same  in  all  cases, 
this  rate  will  depend  on  the  frequency  of  reversal,  and  since 
the  coefficient  of  corrosion  is  less  on  the  higher  frequencies 
these  must  run  fully  as  long  as  the  lower  frequencies  in  order 
to  obtain  sufficient  weight  differences.    A  period  of  16  to  20 


1916]  ELECTROLYTIC  CORROSION  313 

days  has  been  found  to  produce  sufficient  differences  in  weight, 
and  no  indication  that  the  composition  of  the  soil,  except  that 
very  close  to  the  electrodes,  had  been  changed  decidedly. 

(i)  Accidental  Variables.  Other  possible  variables  that  re- 
ceived attention  during  the  experiments  were  maintained  as 
nearly  constant  as  possible.  The  temperature  did  not  vary 
widely  from  20  dcg.  cent,  there  being  very  Httle  heating  by 
the  current  at  the  voltage  and  current  density  used.  The  depth 
was  maintained  about  10  cm.  below  the  surface  in  the  indoor 
tests  and  about  40  cm.  in  those  outside  the  laboratory. 

(j)  Cleaning  Electrodes.  After  each  run  was  completed  it 
was  necessary  to  remove  the  end  products  of  the  corrosion 
process,  and  since  they  adhered  firmly  in  some  cases  special 
methods  were  necessary.  Iron  specimens  were  cleaned  by  mak- 
ing them  cathode  on  a  ten  volt  circuit  in  a  two  per  cent  sul- 
phuric acid  solution,  as  described  in  Technologic  Paper  No.  25 
of  the  Bureau  of  Standards.  This  was  found  to  be  very  effec- 
tive and  did  not  attack  the  iron  enough  to  show  on  the  balances 
used.  The  lead  specimens  were  cleaned  by  immersing  them 
in  a  solution  containing  5  per  cent  oxalic  acid  and  I5  per  cent 
of  nitric  acid.  The  corrosion  products  became  lead  oxalate — 
a  white  flocculent  substance  which  was  easily  removed  by 
brushing.  It  was  found  in  some  cases  where  the  amount  of 
corrosion  was  large  and  adhered  very  firmly  that  this  process 
was  very  slow  and  did  not  remove  the  corroded  products  en- 
tirely. Unoxidized  specimens  weighed  before  and  after  im- 
mersion in  this  lead  cleaning  solution  were  found  to  have 
lost  less  than  5  milligrams,  the  limit  of  the  balances  used.  • 

EyriPMENT 
(a)  Current  Sources.  Sixty-cycle  current  was  obtained  from 
the  city  power  mains,  while  the  15-cycle  current  came  from  a 
small  inverted  synchronous  converter.  Transformers  were  used 
in  both  circuits  to  raise  the  voltage  so  that  a  number  of  cells 
could  be  operated  in  scries  and  so  that  the  ])rimary  side  would 
be  clear  of  ground.  For  the  slower  reversals  of  current  on 
the  indoor  tests  power  was  obtained  from  the  regular  three- 
wire  lighting  busbar  and  commutated  by  the  machine  des- 
cribed below.  For  the  outdoor  tests  for  slower  reversals  and 
for  direct  current  a  small  motor-generator  set  was  used.  A 
no-current  indicator  was  used  on  the  a-c.  circuits  while  a  re- 
corder showed  what  had  occurred  on  the  d-c.  circuit  and  those 
of  long  period  at  all  times. 
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(b)  Commutating  Machine.  The  commutating  machine  through 
which  the  intermediate  frequencies  were  obtained  consisted 
of  a  series  of  six  commutators  each  having  four  brushes  and 
two  equal  semi-circular  commutator  segments,  giving  two 
complete  cycles  per  revolution,  driven  by  gears  having  such 
ratios  that  with  the  first  or  highest  speed  commutator  rotating 
once  in  two  seconds  the  succeeding  commutators  made  com- 
plete current  cycles  in  six  seconds,  one  minute,  five  minutes, 
ten  minutes,  and  one  hour.  This  machine  was  driven  by  a 
constant  speed  motor. 

(c)  Resistance.  In  order  to  obtain  the  correct  current  density 
discharged  from  the  electrodes  the  resistance  of  the  circuits 
had  to  be  varied.  This  was  done  in  part  by  placing  cells  in 
series  in  groups  and  paralleling  these  groups.  Rheostats  or 
tungsten  lamps  were  then  used  to  get  final  adjustments,  but 
no  great  effort  was  made  to  keep  the  current  discharge  at 
exactly  0.5  milliamperes  per  sq.  cm.,  since  a  small  variation 
in  current  density  does  not  affect  the  rate  of  corrosion.  Tung- 
sten lamps  with  their  high  positive  temperature  coefficient  are 
very  satisfactory  for  use  in  such  circuits,  since  within  a  certain 
range  they  tend  to  automatically  maintain  the  current  at  a 
constant  value. 

{d)  Current  Measurements.  Observations  of  current  were 
made  every  day,  and  more  frequently  when  the  current  values 
were  changing  appreciably.  A  standard  milliammeter  having 
a  resistance  of  0.34  x)hm  was  used  for  all  frequencies  above 
one  second.  For  a-c.  measurements  a  thenno-ammeter  con- 
sisting of  a  heating  element,  thermo-couple  and  millivoltmeter 
was  used.  The  resistance  of  this  meter  amounted  to  about 
7  ohms,  and  was  non-inductive.  When  this  meter  was  in- 
troduced in  circuits  the  effect  on  the  current  flow  was  negligible 
because  of  the  high  resistance  of  the  circuits  and  it  was  very 
easy  to  correct  for.  this  small  non-inductive  resistance  by  in- 
serting an  equal  amount  in  each  circuit  when  the  meter  was 
not  in  use.  This  meter  was  used  to  measure  larger  currents 
in  the  outdoor  specimens  by  means  of  a  shunt.  A  suitable 
ampere-hour  meter  was  not  available. 

Correction  and  Reduction  Factors 
Since   chemical   corrosion,   according   to    Faraday's   law,   is 
proportional  to  the  average  current  flowing,  and  since  all  a-c. 
values  as  observed  are  effective  values  rather  than  average, 
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the  current  flow  has  been  corrected  by  dividing  the  same  by 
1.11,  the  ratio  between  effective  and  average  values  of  sine- 
wave  current.  Since  the  current  flowing  with  the  longer  time 
reversals  is  controlled  by  a  commutating  machine  or  switch 
the  wave  is  flat-topped  and  no  such  correction  is  necessary. 
However,  the  current  was  off  when  controlled  by  the  commu- 
tating machine,  6  or  7  per  cent  of  the  time  and  this  correction 
was  applied  to  all  such  values.  In  order  to  correct  any  error 
due  to  a  possible  difference  in  the  length  of  succeeding  half  cycles, 
the  connections  to  the  commutator  controlling  each  test  were 
reversed  at  regular  intervals,  e.g,^  the  one-second  commutator 
was  reversed  through  the  10-minute  commutator  and  the  one- 
hour  one  by  a  switch  every  24  hours.  In  calculating  the  theo- 
retical amount  of  corrosion,  the  corrosion  products  of  both  iron 
and  lead  were  taken  to  be  divalent  and  the  quantity  corroded 
per  ampere-hour  is  then  1.04  grams  for  iron  and  3.86  grams 
for  lead. 

Accuracy  of  Results 

The  accuracy  which  can  be  obtained  in  corrosion  experiments 
of  this  kind  is  limited  by  a  number  of  factors;  first,  the  con- 
sistency of  the  corrosion  action  itself,  which  it  has  been  found 
may  vary  within  wide  limits  under  apparently  similar  con- 
ditions; and  second,  the  limits  of  measurement.  The  electrical 
measurements  are  correct  to  about  one  per  cent  while  the  time 
measurements  are  not  in  error  more  than  a  half  per  cent.  The 
error  due  to  weighing  of  single  specimens  was  small,  since  it 
was  carried  to  th^  fourth  or  fifth  place,  but  in  some  cases  the 
losses  were  small  and  this  difference  was  correct  to  only  the 
second  or  third  place.  This  is  true  of  practically  all  pilot 
specimens  which  were  subjected  only  to  natural  corrosion. 
Therefore  it  is  evident  that  the  accuracy  of  the  results  is  greater 
when  the  amount  of  corrosion  is  large.  The  combined  accuracy 
of  all  measurements  was  much  greater  than  the  consistency 
to  be  expected  in  the  corrosive  processes. 

Description  of  Each  Run 

The -above  description  of  the  general  condition  of  the  tests 
is  intended  to  apply  to  all  the  following  data,  and  it  will  be 
necessary  to  describe  each  run  only  very  briefly,  deferring  until 
later  the  presentation  of  the  results. 

(a)  Sixty-Cycle  Tests,  The  60-cycle  tests  were  run  with 
both  iron  and  lead  specimens  on  the  indoor  tests  and  ircn  for 
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the  outdoor  tests.  Both  natiiral  soil  and  soil  with  0.5  per 
cent  sodium  carbonate  added  were  used  for  the  indoor  tests. 
It  will  be  noted  from  the  tables  presented  below  that  in  this  as 
well  as  in  other  runs  the  natural  corrosion  losses  have  been  rather 
large  on  the  iron  pilot  specimens.  This  is  due  to  the  fact  that 
the  mill  scale  was  not  removed  from  these  specimens  before 
the  tests  were  started  and  that  the  cleaning  process  removed 
this  scale  as  well  as  the  oxide  that  was  formed  during  the  test. 
This  rather  obsctu-es  the  comparative  effect  of  natural  soil 
and  sodium  carbonate,  but  it  is  still  evident  as  in  the  earlier 
tests  that  the  natural  corrosion  loss  of  iron  is  greater  in  natural 
soil  while  the  electrolytic  corrosion  is  greater  in  the  chemical 
soil.  In  fact  in  almost  every  instance  the  natural  loss  was 
greater  than  the  electrolytic  loss  in  the  natural  soil,  and  in 
five  of  the  twelve  specimens  also  in  the  chemical  soil.  With 
the  three  large  specimens  used  in  the  outdoor  tests  the  natural 
loss  was  considerably  less  than  the  electrolytic  loss,  and  the 
coefficient  of  corrosion  is  only  slightly  less  than  one  per  cent. 
(6)  Fifteen-Cycle  Tests.  The  15-cycle  tests  were  run  with 
lead  and  iron  in  soil  only,  these  cells  being  in  series  with  about 
310  volts,  giving  about  25  volts  per  cell.  In  every  case  except 
fotir  iron  electrodes  the  electrolytic  losses  were  all  greater  than 
the  natural  corrosion  in  the  same  cells. 

(c)  One-Second  Period,  Iron  and  lead  specimens  in  both 
normal  soil  and  soil  with  sodium  carbonate  were  used  in  the 
tests  with  one-second  period,  the  cells  being  divided  into  four 
groups  of  three  each  in  series.  In  two  cases  the  iron  electrodes 
lost  more  than  the  pilot  specimens  but  on  the  average  the  losses 
were  greater  than  in  the  preceding  tests.  Iron  specimens  were 
placed  in  outdoor  soil  for  these  tests,  and  in  this  instance  the 
natural  corrosion  is  unusually  high  because  the  specimens  were 
left  in  the  ground  without  cxurent  for  a  considerable  time. 

(d)  SiX'Second  Period.  Normal  soil  alone  was  used  in  these 
tests,  there  being  three  groups  of  cells  and  four  cells  in  each 
group.  Approximately  12.5  volts  existed  across  each  cell  in 
order  to  maintain  the  current  at  about  30  milliamperes  or 
0.5  milliamperes  per  sq.  cm. 

{e)  One- Minute  Period.  In  the  one  minute  reversals  iron 
and  lead  electrodes  were  used  in  natural  soil  connected  in 
three  groups  of  four  cells  each.  Approximately  nine  volts 
were  maintained  across  the  cells  containing  the  iron  electrodes 
and  14  volts  on  the  lead  electrodes.    In  ca3e  of  the  iron  elec- 
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trodes  there  was  a  consistently  greater  loss  on  the  odd  electrode 
than  on  the  even;  the  reason  for  which  is  not  altogether  evident 
since  no  such  consistency  exists  on  the  lead  specimens;  and 
as  the  two  sets  were  in  series,  it  is  therefore  not  due  to  unbal- 
anced or  unequal  half  cycles. 

if)  Ten-Minute  Period.  Both  iron  and  lead  specimens  in 
natural  soil  and  soil  containing  sodium  carbonate  were  used 
in  the  ten-minute  period  tests.  The  cells  were  divided  into 
four  groups  of  six  each.  It  will  be  noted  that  the  corrosion 
of  iron  in  natural  soil  is  here  greater  than  in  the  chemical  soil 
and  the  reverse  is  the  case  with  the  lead  specimens. 

(g)  One-Hour  Period.  Only  natural  soil  was  used  in  the  one- 
hour  reversals,  about  15  volts  being  impressed  on  each  pair 
of  electrodes. 

(h)  Forty-Eight-Hour  Period.  Natural  soil  alone  was  used 
in  the  daily  reversals  (48-hour  period)  with  iron  and  lead  elec- 
trodes, the  entire  set  being  in  scries  on  240  volts.  The  iron 
specimens  had  a  voltage  of  about  15  volts  on  each  pair  and  the 
lead  electrodes  about  13  volts.  In  the  case  of  the  iron  speci- 
mens the  odd  and  even  specimens,  or  those  anode  first  or  anode 
last  in  the  test  show  no  great  or  consistent  difference  as  noted 
in  the  preliminary  tests,  and  the  lead  specimens  show  an  op- 
posite effect  from  that  noted  at  that  time,  that  is,  the  elec- 
trodes which  were  anode  during  the  first  half-cycle  have  lost 
more  than  those  which  were  cathode  initially. 

(i)  Weekly  Reversals.  Both  natural  soil  and  soil  containing 
sodium  carbonate  were  used  in  the  weekly  reversals  (2-week 
period)  and  the  entire  set  was  connected  in  series  on  240  volts. 
The  voltage  across  the  iron  si)ecimcii  cells  in  the  natural  soil 
was  about  15  volts  per  cell  and  about  0  volts  in  the  chemical 
soil.  With  the  lead  electrodes  the  average  voltage  was  less 
than  12  across  each  cell  in  the  natural  soil  and  less  than  4  in 
the  chemical  soil. 

(J)  Direct-Current  Tests.  The  d-c.  tests  were  carried  on  with 
iron  and  lead  specimens  both  indoors  and  outdoors  and  in  the 
indoor  tests  with  sodium  carbcjnatc  in  the  soil  as  well  as  natural 
soil.  The  indoor  cells  were  connected  in  four  grou])S  of  six 
each  with  230  volts  impressed  on  them.  The  ampere-hours 
varied  in  the  different  groups  from  eight  to  twelve.  With  the 
iron  specimens  the  anode  losses  are  large,  the  coefficient  of 
corrosion  being  a])proximate  unity,  while  the  cathode  speci- 
mens lost  less  than  the  pilot  specimens,  evidently  because  of 
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the  protective  effect  of  the  current.  In  the  lead  specimens, 
however,  the  anode  losses  are  far  below  what  might  be  the- 
oretically expected,  while  the  cathodes  lost  less  in  the  natural 
soil  than  the  pilot  specimens  but  more  in  the  soil  containing 
sodium  carbonate.  This  is  due  not  so  much  to  an  increased 
electrolytic  loss  in  the  chemical  soil,  but  to  a  greatly  decreased 
natural  loss.  Since  the  loss  in  the  lead  specimens  was  so  much 
less  than  might  be  expected  another  set  was  run  under  practically 
the  same  conditions  but  with  the  current  maintained  more 
closely  at  0.5  milliampere  per  sq.  cm.  These  results,  however, 
corroborate  the  work  previously  done.  The  outdoor  tests  were 
conducted  on  both  lead  and  iron  with  the  large  plates  men- 
tioned above.  The  protective .  effect  of  the  current  is  noted 
again  on  the  iron  specimens.  In  the  lead  specimens  twelve 
anodes  were  used,  the  lead  in  this  case  being  sections  of 
lead  sheath  cable,  six  of  which  contained  about  one  per 
cent  antimony  while  the  other  six  contained  only  traces  of  tin 
and  antimony.  Two  pilot  specimens  of  each  composition 
were  used.  These  tests  further  corroborated  the  results  of 
the  indoor  tests  in  that  the  coefficient  of  corrosion  of  lead  with 
direct  current  was  low. 

Discussion  of  Results 

Tables  containing  the  summary  of  the  results  of  the  above 
mentioned  tests  are  given  below.  These  tables  are  arranged  in 
halves  with  losses  in  grams  above  and  the  coefficient  of  corrosion 
below  with  the  frequency  or  period  of  reversal  in  the  first 
column,  the  average  loss  of  six  specimens  in  each  of  the  three 
succeeding  columns  (the  first  being  the  odd  numbered  electrodes 
and  the  second  the  even  numbered  electrodes  and  the  third 
the  pilot  specimens.)  From  these  are  calculated  the  electrolytic 
loss  of  odd  or  even  electrodes  shown  in  the  fifth  and  sixth 
columns,  and  the  seventh  column  contains  the  average  elec- 
trolytic loss  of  all  electrodes.  Below  the  frequency  is  repeated 
and  the  next  column  contains  the  average  quantity  of  elec- 
tricity in  ampere  hours  flowing  through  the  specimens.  Follow- 
ing this  are  four  columns  giving  the  coefficient  of  corrosion. 
The  coefficients  of  corrosion  of  the  odd  electrodes  and  even 
electrodes  are  first  given,  then  the  coefficient  of  corrosion  based 
on  one-half  the  current  or  that  while  each  electrode  was  positive, 
and  last,  that  based  on  the  average  loss  and  the  total  current 
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through  the  cells.  Since  it  is  difficult  to  draw  any  conclusions 
from  the  electrode  losses  shown  without  also  considering  the 
ampere-hours,  the  coefficients  of  corrosion  will  give  us  the  best 


TABLE  V 
SUMMARY  OF  ALTERNATING-CURRENT  ELECTROLYSIS  TESTS— I. 
Variable — Frequency  of  Reversal. 
Indoor  Tests 
Iron  Electrodes 
Soil  Electrolyte. 


Period 

Total  loss 

Electrolytic  loss 

Odd 
elec- 
trodes 

Even 
elec- 
trodes 

Pilot 

Odd 
elec- 
trodes 

Even 
elec- 
trodes 

Average 

Grams 

Grams 

Grams 

Grams 

Grams 

Grams 

60  cycle 

15  cycle 

1  sec 

1.480 
1.036 
1.064 
0.960 
2.024 
1.907 
2.522 
3.134 
5  490 

8  349 

9  697 

1.289 
0.862 
1.190 

1  040 
2.077 
1.398 

2  252 
2  941 
5   124 
9 .  080 
0.139 

1.645 
0.834 
0.640 
0.566 
1   203 
0.748 
0.901 
1.165 
1.130 
1.387 
1  023 

—0.165 
-1-0  202 
0  424 
0.394 
0.821 
1.159 
1.621 
1.969 
4 .  360 
6  962 
8.674 

-0.356 
-1-0.028 
0.550 
0.480 
0.874 
0  650 
1.351 
1.776 
3.994 
8  293 

—0.261 
-fO.115 
0.488 
0.437 
0  848 
0.904 
1.486 
1.872 
4.177 
7.627 
8.674 

6  sec 

1    min 

5    nitn    .... 

10  min 

1  hour 

2  days            . . 

2  weeks 

D.  C 

Period 

Current 

discharge 

ampere-hrs. 

Coefficient  of  corrosion 

Odd 
elec- 
trodes 

Even 
elec- 
trodes 

Average 

4 

current 

Average 

total 
current 

60  cycle     .... 

16  05 
13  32 

17  90 
10  83 
19.2-, 
19.99 
16.48 
18.40 
27.22 
23  17 
9.82 

—0  0198 
+0  0292 
0.045 
0.045 
0.082 
0   111 
0   189 
0 .  20(i 
0 ,  308 
0.58 
0.85 

—0.043 
-f  0.0004 
0 .  059 
0  055 
0  087 
0 . 0()3 
0.  15S 
0.  ISO 
0.282 
0.69 

—0.031 
-f  0.016 
0.046 
0  050 
0 .  084 
0  087 
0.173 
0.197 
0 .  295 
0  633 

-0  0156 
-1-0.008 
0  023 
0.025 
0  042 
0  043 
0.087 
0.098 
0.148 
0.316 
0.850 

15  cycle 

1  sec 

6  sec 

1    min 

5    min 

10  min 

1  hour 

2  days 

2  weeks 

D.  C      

idea  of  results,  and  these  are  shown  in  l)()th  the  tables  and 
curves. 

(a)  Indoor  Tests.     Iron  in  Normal  Soil.     In  Table  V  a  sum- 
mary of  the  results  obtained  using  iron  electrodes  in  indoor 
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cells  containing  normal  soil  are  given.  As  mentioned  earlier, 
it  will  be  seen  that  the  pilot  specimen  loss  is  quite  large  and 
that  there  is  considerable  variation  under  the  different  fre- 
quencies. This  is  evidently  a  real  variation  due  to  a  dif- 
ference in  soil  action  because  it  was  found  that  in  individual 
cases  when  the  pilot  specimen  corrosion  varied  considerably 
from  the  average  the  current-carrying  electrodes  would  also  vary 
in  the  same  direction.  The  coefficient  of  corrosion  only  in 
the  case  of  the  60-cycle  tests  is  negative.  The  electrodes  were 
numbered  consecutively,  an  odd  number  and  a  succeeding 
even  number  being  grouped  in  each  cell.  The  difference  in 
the  coefficient  of  corrosion  between  the  odd  and  even  electrodes 
is  rather  large  in  some  cases;  for  example,  in  the  5-minute 
specimens  the  coefficient  is  0.111  for  the  odd  electrodes  and 
only  0.063  for  the  even  and  in  the  15-cycle  test,  the  per  cent 
discrepancy  is  large,  although  the  values  in  grams  do  not  differ 
greatly.  The  d-c.  test  shows  a  coefficient  of  only  0.85  which 
is  rather  low,  and  this  can  only  be  explained  as  being  probably- 
due  to  the  effect  of  the  iron  oxide  serving  as  a  protection  rather 
than  accelerating  the  corrosion.  The  next  to  the  last  column 
is  simj)ly  double  the  one  succeeding  or  an  average  of  the  odd 
and  even  electrode  coenicienls. 

(b)  Indoor  Tests.  Iron  Electrodes  in  Soil  with  Sodium  Car 
bonate.  In  Tal)le  VI  containing  the  results  on  iron  electrodes 
in  sodium  carbonate  soil  it  will  be  noted  that  in  the  case  of  the 
60-cycle  run  the  coefficient  of  corrosion  is  positive  but  that 
the  values  in  the  other  cases  of  reverse  currents  are  smaller 
than  in  the  natural  soil.  In  the  two-weeks  test  the  odd-elec- 
trode loss  is  considerably  less  than  the  even,  supporting  the 
theory  that  in  these  longer  time  reversals  the  electrodes  which 
are  positive  last  suffer  the  greater  loss.  Under  these  con- 
ditions the  d-c.  loss  is  very  nearly  100  per  cent. 

(c)  Indoor  Tests.  Lead  Electrodes  in  Soil.  With  lead  elec- 
trodes in  soil  ver\'  regular  results  were  obtained.  In  Table 
VII  the  loss  is  shown  to  be  increasing  gradually  from  60  cycles 
to  2  weeks  with  only  one  discre])ancy,  the  even  electrode  in 
two-day  reversals  being  considerably  smaller  than  on  the  10- 
minute  and  1-hour  specimens.  The  products  of  corrosion 
seem  to  be  increasing  the  effect  on  the  pilot  specimens,  as  it 
will  be  noted  that  the  loss  is  increasing  as  the  frequency  de- 
creases. However,  the  most  remarkable  facts  concerning  these 
tests   is   that   the   odd   electrodes,   those   which   were   initially 
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positive  in  the  tests,  lost  considerably  more  than  the  even 
electrodes  in  both  the  two-day  and  two-weeks  test.  The  other 
remarkable  feature  is  the  small  coefficient  of  corrosion  exhibited 
in  the  case  of  the  d-c.  test.  Since  in  the  first  set  weighed  the 
losses  were  so  small,  (only  22  per  cent  of  the  theoretical)  a 
second  run  was  made  and  a  coefficient  of  0.25  obtained,  prac- 

TABLE  VI. 
SUMMARY  OF  ALTERNATING-CURRENT  ELECTROLYSIS  TESTS— II. 
Variable — Frequency  of  Reversal. 
Indoor  Tests 
Iron  Electrodes 
Soil  and  Sodium  Carbonate  Electrolyte. 


Frequency 

of 
reversal 

Total  loss 

Electrolytic  loss 

Odd 
elec- 
trodes 

Even 
elec- 
trodes 

Pilot 

Odd 
elec- 
trodes 

Even 
elec- 
trodes 

Average 

Grams 

Grams 

Grams 

Grams 

Grams 

Grams 

60  cycle 

Isec 

10  min 

1.390 
0.865 
1.617 
7.922 
10.423 

1.373 
1.146 
1.532 
9.081 
0.172 

1.199 
0.677 

0.835 
1.630 
0.819 

-1-0.191 
0.188 
0.782 
6.286 
9.604 

0.174 
0.469 
0  679 
7.451 

-f  0.182 
0.329 
0.739 
6.868 
9.604 

2  weeks 

D.  C 

Frequency 

of 

reversal 

Current 

discharge 

ampere-hrs. 

Coefficient    of  corrosion 

Odd 

elec- 

trodes 

Even 
elec- 
trodes 

Average 

i 

current 

Average 

total 
current 

60  cycle 

16.05 
17.99 
16.48 
23.17 
9  82 

0.023 
0  020 
0.091 
0.52 
0  94 

0.021 
0.050 
0.081 
0.62 

0  022 
0  035 
0  086 
0.57 

0  Oil 
0.018 
0.043 
0.285 
0.94 

1  sec 

10  min 

2  weeks 

D.  C 

1 

tically  the  same  as  before.  This  indicates  that  under  the 
conditions  of  these  tests  and  probably  under  most  soil  con- 
ditions the  corrosion  of  lead  is  very  considerably  less  than  it 
has  been  formerly  considered  to  be. 

(d)  Indoor    Tests.     Lead    Electrodes    in    Sodium    Carbonate. 
The  losses  of  lead  electrodes  in  sodium  carbonate  (Table  VIII) 
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TABLE  VII 
SUMMARY    OP    ALTERNATING-CURRENT    ELECTROLYSIS    TESTS— III. 

Variable — Frequency  of  Reversal 
Indoor  Tests 
Lead  Electrodes 
Soil  Electrolyte. 


Frequency 

of 
reversal 

Total  loss 

El 

ectrolytic  loss 

Odd 

dec 
trodcs 

Even 
elec- 
trodes 

Pilot 

Odd 
elec- 
trodes 

Even 
elec- 
trodes 

Average 

Grams 

Grams 

Grams 

Grams 

Grams 

Grams 

60  cycle 

15  cycle 

1  sec 

0.325 

0.342 

0.385 

0.518 

2.860 

3.868 

3. 468 

5.886 

8.719 

13.710 

12.319 

13.574 

0  328 
0.332 
0  354 
0.528 
2.845 
3.634 
3  738 
5.771 
5  072 
7.789 
0.327 
0.277 

0   124 
0   133 
0.118 
0 .  098 
0.652 
0.406 
0  311 
0.901 
1.357 
1.176 
0  937 
0  882 

+0.201 
0  209 
0,267 
0  420 
2.2U8 
3  462 
3.  127 
4.985 
7 .  362 
12  634 

1 1  382 

12  692 

+0  204 
0   199 
0.236 
0.430 
2.193 
3.228 
3.397 
4.870 
3.715 
6.713 

0  202 
0  204 
0  252 
0  425 
2.200 

3  345 
3 .  262 

4  928 

5  538 
9  674 

11  382 

12  092 

6  sec 

1     min        .  , 

5    min 

10  min 

1  hr  .    . 

2  days 

2  week   . 

D.  C 

D.  C 

Frequency 

of 
reversal 

Current 

discharge 

ampere-hrs. 

Coefficient  of  corrosion 

Odd 
elec- 
trodes 

Even 

elec 

trodes 

Average 

i 

current 

Average 

total 
current 

60  cycle 

16.05 
13.32 
14  87 
16.83 
19.25 
19.99 
14.95 
18.40 
27.22 
23.17 
13.40 
12.93 

0  0005 

0.0082 

0.0093 

0.0129 

0.059 

0 .  089 

0.108 

0.140 

0.140 

0.282 

0.220 

0.254 

0.0066 

0.0077 

0 . 0082 

0.0132 

0 ,  059 

0  085 

0.118 

0.137 

0.071 

0.150 

0 .  0065 

0  0080 

0.0088 

0  0131 

0 .  059 

0.086 

0.112 

0.139 

0.105 

0.216 

0 . 0033 

0.0040 

0 . 0044 

0.0065 

0.030 

0.043 

0.056 

0.069 

0.063 

0.108 

0.220 

0.254 

15  cycle 

1  sec 

5  sec 

1     min 

5    min 

10  min 

1  hour 

2  day 

2  week             .    . 

D.  C 

D.  C 
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are  greater  than  in  the  normal  soil,  the  difference  being  es- 
pecially noticeable .  in  the  longer  reversals  and  in  the  d-c. 
tests.  For  example,  in  the  weekly  reversals,  the  loss  in  normal 
soil  was  0.108  while  in  the  sodium  carbonate  it  was  0.172;  the 
d-c.  loss  has  risen  from  about  25  per  cent  to  34  per  cent. 


TABLE  VIII. 
SUMMARY    OF   ALTERNATING-CURRENT    ELECTROLYSIS    TESTS— IV. 
Variable — Frequency  of  Reversal 
Indoor  Tests 
Lead  Electrodes 
Soil  and  Sodium  Carbonate  Electrolyte. 


Frequency 

of 

reversal 

Total   loss 

Electrolytic   loss 

Odd 
elec- 
trodes 

Even 

elec- 
trodes 

Pilot 

Odd 
elec- 
trodes 

Even 
elec- 
trodes 

Average 

Grams 

Grams 

Grams 

Grams 

Grams 

Grams 

60  cycle 

1  sec 

0.555 
0.316 
4.019 
17.356 
17.726 

0.542 
0 .  630 
3.844 
13  487 
0.428 

0.077 
0.062 
0.110 
0.111 
0.075 

0.478 
0.254 
3.909 
17.245 
17.651 

+0.465 
0.568 
3.734 
13.370 

0.471 

0.411 

3.822 

15.307 

17.651 

10  min 

2  weeks 

D.  C 

Frequency 

of 

reversal 

Current 

discharge 

ampere-hrs. 

Coefficient  of  corrosion 

Odd 

olec- 

trodes 

Even 

elec- 
trodes 

Average 

i 

current 

Average 

total 
current 

60  cycle 

16  05 
14.87 
14.95 
23   17 
13  4 

0.0154 

0 .  oo.ss 
0.1  :i5 
0.386 
0  340 

0.0150 
0.0198 
0.1129 
0.299 

0.0152 
0.0143 
0.132 
0  344 

0.0076 
0.0071 
0 .  066 
0.172 
0  340 

1  sec 

10  min 

2  weeks 

D.  C 

(e)  Outdoor  Tests.  Iron  and  Lead  Electrodes  in  Soil,  The 
outdoor  tests  shown  in  Tabic  IX  are  not  extensive,  but  the 
cases  given  show  reasonably  good  agreement  with  the  indoor 
tests  given  above.  The  coefficient  of  corrosion  at  60  cycles 
is  slightly  less  than  0.01  for  iron  electrodes  and  the  d-c.  loss  is 
0.70.  Considering  only  the  d-c.  tests  on  iron,  it  was  noted  that 
as  the  voltage  necessary  to  maintain  the  current  at  0.5  miUi- 
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ampere  per  cm.  became  greater  the  coefficient  of  corrosion 
decreased.  For  example,  we  find  a  coefficient  of  corrosion  of 
0.96  for  iron  electrodes  in  sodium  carbonate  soil  and  0.85  in 
normal  soil  on  the  indoor  tests  and  only  0.70  for  the  outdoor 
tests  and  the  potential  has  varied  from  about  10  volts  on  the 
first  to  35  on  the  last  test. 


TABLE  IX. 
SUMMARY  OF  ALTERNATING-CURRENT  ELECTROLYSIS  TESTS— V. 
Variable — Frequency  of  Reversal. 
Outdoor  Tests 
Iron  and  Lead  Electrodes 
Soil  and  Sodium  Carbonate  Electrolyte. 


Total  loss 

Electrolytic  loss 

Frequency 

of 

reversal 

Odd 
elec- 
trodes 

Even 
elec- 
trodes 

Pilot 

Odd 

elec- 
trodes 

Even 
elec- 
trodes 

Average 

Grams 

Grams 

1 
Grams     i      Grams 

Grams 

Grams 

60  cycle 

1  sec 

D.  C 

D.  C 

2.65 

9  06 

41.96 

871.861 

2.60 
7.30 
1   73 

0 . 97               1 . 68 
5  94               3.12 
4.61             37.35 
6.216      '   865.645 

1.63 

1   36 

37.35 

1 .  65    Iron 

2 .  24     Iron 
37.35  Iron 

865.645  Lead 

Frequency 

of 

reversal 

Current 

discharge 

anipcre-hrs. 

Coefficient  of  corrosion 

Odd 
elec- 
trodes 

Even 
elec- 
trodes 

Average 
current 

Average 

total 
current 

60  cycle 

165.4 
102. 
51.6 
1034 

0.0203 
0 . 0589 
0.700 
0  217 

0  0197 
0.0256 
0 .  700 
0  '2\7 

0.0192 
0.0431 
0.700 
0  217 

0  0096  Iron 
0.0215  Iron 
0  700    Iron 
0.217    Lead 

1  sec 

D.  C 

D.  C. 

Curves 
The  data  shown  in  the  above  tables  have  been  plotted  in 
curves  in  which  the  ordinatcs  are  coefficients  of  corrosion 
expressed  in  per  cent  and  the  abscissas  are  the  logarithms  of 
the  number  of  seconds  required  for  one  complete  cycle.  Fig. 
4  shows  the  data  obtained  with  iron  electrodes,  these  being  based 
on  the  average  electrode  loss  and  the  total  current  flowing  in 
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any  one  direction  through  the  cells.  The  coefficient  is  there- 
fore based  on  the  total  current  discharged  by  one  electrode. 
It  will  be  noted  that  the  curve  for  the  coefficient  in  natural 
soil  is  above  that  for  soil  containing  sodium  carbonate  except 
the  last  point  for  direct  current  when  the  latter  shows  the 
greater  loss.  The  values  begin  to  rise  quite  rapidly  at  about 
the  lO-minute  cycle  and  reach  a  maximum  in  the  d-c.  test, 
the  value  for  which  is  placed  arbitrarily  as  far  as  the  time  is 
concerned.  It  is  very  interesting  to  note  that  even  in  the 
case  of  a  cycle  of  two  weeks  duration  the  coefficient  of  corrosion 
is  only  about  0.6  and  on  a  2-day  cycle  only  0.3  of  its  value  for 
direct  current. 
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Fig.  4 


Fig.  5 


Fig.  5  contains  the  same  data  on  lead  electrodes  and  here 
it  is  seen  that  the  soil  containing  sodium  carbonate  produces 
a  consistently  higher  coefficient  of  corrosion  than  the  natural 
soil,  just  the  reverse  of  the  condition  with  iron  electrodes. 
The  tendency  to  rise  is  noticed  at  an  earlier  point  or  a  higher 
frequency  than  with  the  iron,  beginning  with  about  the  one- 
minute  cycle,  and  at  a  cycle  of  two  weeks  duration  the  coef- 
ficient of  corrosion  has  reached  the  same  value  as  for  direct 
current. 

Supplementary  Tests 

Since  certain  authors  have  pointed  out  the  fact  that  the 
wave  form  of  alternating  current  is  affected  when  passing 
through  an  electrolytic  cell,  and  since  a  material  change  in 
such  wave  form  would  affect  the  current  measurements,  an 
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oscillograph  was  used  to  determine  the  wave  form  of  current 
passing  through  the  cell  and  its  relation  to  the  potential  wave 
impressed  on  it.  It  was  found  that  there  was  no  appreciable 
distortion  of  the  wave  shape  due  to  the  presence  of  the  cell. 
In  order  to  determine  the  cycle  of  operation  of  the  com- 
mutating  machine  exactly,  the  current  wave  was  observed  with 
the  oscillograph.  It  is  seen  that  on  the  one-second  cycle, 
Fig.  6,  the  current  increases  slightly  during  about  the  first 
J  second  and  falls  during  the  remainder  of  the  half -cycle.  In 
the  six-second  cycle,  Fig.  7,  this  rise  and  fall  is  seen  and  the 
fall  continues  for  a  considerable  part  of  each  half  cycle,  but 
the  waves  api)ear  to  be  so  nearly  flat  top  in  both  the  1 -second 
cycle  and  the  six-second  cycle  that  no  correction  due  to  the 
variation  between  the  average  value  and  the  effective  value 
need  be  made. 

Fig.  6 — Wavk  wShape  for  Slowly  Fu;.  7— Wave  Shape  for  Slowly 
Reversed  Current— One-Second  Reversed  Current — Six-Second 
Cycle  Cycle 

III.  CONCLUSIONS 

From  the  above  results  certain  conclusions  may  be  drawn 
concerning  the  corrosion  of  iron  and  lead  electrodes  under 
usual  soil  conditions  when  cx]X)scd  to  the  action  of  periodically 
reversed  current. 

1.  The  corrosion  of  both  iron  and  lead  electrodes  decreases 
with  increasing  frequency  of  reversal  of  the  current. 

2.  The  corrosion  is  ])raclically  negligil)le  for  both  metals 
when  the  period  of  the  cycle  is  not  greater  than  about  one 
minute. 

3.  With  iron  electrodes  a  limiting  frequency  is  reached 
between  15  and  60  cycles  per  second,  beyond  which  no  appre- 
ciable corrosion  occurs.  Xo  such  limit  was  reached  in  the 
lead  tests,  although  it  may  exist  at  a  higher  frequency  than 
GO  cycles. 

4.  With  periodically  reversed  currents,  the  addition  of 
sodium  carbonate  to  the  soil  reduces  the  loss  in  the  case  of  iron 
and  increases  it  in  the  case  of  lead. 

5.  The  coeflicicnt  of  corrosion  of  lead,  under  the  soil  con- 
ditions described  in  the  report,  when  subjected  to  the  action 
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of  direct  current  was  found  to  be  only  about  25  per  cent  of  the 
theoretical  value. 

6.  The  corrosion  of  lead  reaches  practically  the  maximum 
value  with  a  frequency  of  reversal  lying  between  one  day  and 
one  week. 

7.  The  corrosion  of  iron  does  not  reach  a  maximum  value 
until  the  period  of  the  cycle  is  considerably  in  excess  of  two 
weeks. 

8.  The  most  important  conclusion  to  be  drawn  from  these 
investigations  is  that  in  the  so-called  neutral  zone  of  street 
railway  networks  where  the  pipes  continually  reverse  in  po- 
larity, the  damage  is  much  less  than  would  be  expected  from 
a  consideration  of  the  arithmetical  average  of  the  current 
discharged  from  the  pipes  into  the  earth.  Where  pipes  are 
alternately  positive  and  negative  with  periods  not  exceeding 
10  or  15  minutes,  the  algebraic  sum  of  the  current  discharged 
is  more  nearly  a  correct  index  to  the  total  damage  that  will 
result  than  any  other  figure  that  can  readily  be  obtained. 

9.  The  reduction  in  corrosion  due  to  periodically  reversed 
currents  appears  to  be  due  to  the  fact  that  the  corrosive  pro- 
cess is  in  a  large  degree  reversible;  so  that  the  metal  corroded 
during  the  half  cycle  when  current  is  being  discharged  is  in 
large  measure  redeposited  during  the  succeeding  half  cycle 
when  the  current  flows  toward  the  metal.  This  redeposited 
metal  may  not  be  of  much  value  mechanically,  but  it  serves 
as  an  anode  surface  during  the  next  succeeding  half  cycle,  and 
thus -protects  the  uncorroded  metal  beneath. 

10.  The  extent  to  which  the  corrosive  process  is  reversible 
depends  upon  the  freedom  with  which  the  electrol\'te  circulates, 
and  particularly,  on  the  freedom  of  access  of  such  substances 
as  oxygen  or  carbon  dioxide,  which  may  result  in  secondary 
reactions  giving  rise  to  insoluble  precipitates  of  the  corroded 
metal.  It  is  largely  for  this  reason  that  the  corrosion  becomes 
greater  with  a  longer  period  of  the  cycle  since  the  longer  the 
period  the  greater  will  be  the  etTect  of  these  secondary  re- 
actions. 
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Discussion  on  "The  Influence  of  Frequency  of  Alter- 
nating OR  Infrequently-Reversed  Current  on 
Electrolytic  Corrosion"  (McCollum-Ahlborn), 
New  York.   March    10,    1916. 

Philip  Torchio:  The  most  important  results  in  the  findings 
in  these  investigations  are,  first,  that  with  ordinary  frequencies 
of  25  to  60  cycles,  the  corrosion  of  underground  structiu-es  is, 
practically  nil.  In  this  country  some  of  the  water  companies  are 
still  objecting  to  having  the  electric  lighting  companies  groimd 
their  neutrals  to  the  pipes  of  the  water  companies.  I  think  that 
the  results  of  the  investigation  of  the  Biu'eau  of  Standards 
should  dissipate  any  fear  of  trouble  due  to  the  groimding  of 
neutrals  to  the  water  pipes. 

The  next  important  point  brought  out  by  the  paper,  which 
should  dissipate  another  fear,  is  that  with  potentials  in  a  certain 
zone  changing  from  positive  to  negative,  which  fluctuation  may 
occur  in  periods  represented  by  the  passing  of  a  car  with  time 
intervals  of  possibly  five  or  ten  minutes,  the  corrosion  would  be 
negligible. 

The  next  important  conclusion  to  be  drawn  from  the  paper  is 
rather  astonishing,  in  so  far  that  only  in  this  year  of  1916  a 
paper  of  this  character  should  be  presented  to  the  railway 
engineers  seriously  proposing  to  ameliorate  electrolysis  conditions 
by  reversing  the  polarity  of  the  trolley  at  certain  intervals,  as, 
for  instance,  of  one  hour,  or  a  day,  or  even  a  week,  and  showing 
that  by  so  doing  the  damage  by  electrolysis  may  be  reduced  to 
one-tenth,  or  one-quarter  of  what  it  would  be  by  keeping  the 
trolley  potential  constant,  as  we  are  accustomed  to  do. 

Now,  this  suggestion  of  reversing  the  potential  of  the  trolley 
is  not  a  new  one.  It  cannot  be  ascribed  to  ignorance,  that  this 
method  has  not  been  tried,  because  as  far  back  as  1902  a  Danish 
engineer,  Mr.  Absalon  Larsen,  published  in  the  EUktrotechnische 
Zeiischrifi  of  September  1902,  the  results  of  his  tests  made  in  the 
Copenhagen  Polytechnic  Laboratory;  and  also  a  field  test, 
both  carried  out  on  practically  the  same  lines  as  those  carried 
out  by  Messrs.  McCoUum  and  Ahlbom.  Making  allowance 
for  the  immeasurably  greater  details  and  completeness  of  the 
investigation  of  Messrs.  McCoUum  and  Ahlbom,  and  also  the 
more  complete  scientific  methods  of  procedure,  it  is  astonishing 
that  the  results  obtained  in  Copenhagen  fifteen  years  ago  are  in 
their  broad  general  lines  confirmed  by  the  results  of  the  work  in 
the  Bureau  of  Standards. 

In  Mr.  Larsen's  paper  he  states  briefly,  that  the  results  are  as 
follows:  That  with  one  reversal  per  day  the  electrolytic  action 
can  be  reduced  to  one-quarter,  and  by  one  reversal  per  hour 
it  can  be  reduced  to  one-thirtieth  of  its  normal  value.  From  the 
tables  given  in  to-night's  paper  we  see  that  the  results  with  one 
reversal  every  two  days  would  be  in  the  order  of  one-quarter, 
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and  one  reversal  every  hour  would  be  in  the  order  of  one-tenth, 
and  it  is,  therefore,  broadly  speaking,  astonishing  that  in  fifteen 
years  no  use  whatsoever  has  been  made  of  the  suggestion  pre- 
sented by  Larsen. 

Two  years  ago  the  Joint  National  Committee  on  Electrolysis 
reported  on  European  practise.  I  made  a  survey  throughout 
certain  of  the  European  countries,  and  before  starting  from 
America  I  consulted  with  Dr.  Rosa  on  what  line  of  investigation 
I  should  follow,  and  on  his  suggestion  I  had  prepared  a  list  of 
questions  to  ask  every  gentleman  I  interview^.  As  a  result  of 
all  of  the  interviews  I  had  in  England,  France,  Germany  and 
Italy,  I  found  that  this  suggestion  of  the  reversal  of  potential 
was  practically  never  used.  The  only  places  where  the  potential 
of  the  trolley  has  been  reversed  were  in  St.  Gall  and  Numberg, 
but  that  was  done  only  once,  to  try  to  remedy  electrolytic 
conditions.  In  all  other  cases  practically  no  application  has 
been  made  of  this  suggestion  which  appears  to  promise  great 
benefit  in  many  bad  electrolysis  situations. 

Now,  I  would  like  to  hear  from  railway  engineers  why  this  is 
so,  why  this  suggestion,  which  undoubtedly  has  been  known  for 
fifteen  years,  has  never  been  applied,  and  then  what  are  the 
objections  to  applying  it. 

Alexander  Maxwell:  I  think  the  authors  of  this  paper  should 
be  congratulated  for  their  investigation  of  this  very  practical 
phase  of  the  general  subject  of  corrosion  of  underground  struc- 
tures by  stray  currents,  particularly  with  regard  to  that  part  of 
the  investigation  which  deals  with  reversing  continuous  currents, 
as  distinguished  from  alternating  currents  of  the  ordinary  fre- 
quencies. It  is  too  often  assumed  that  serious  corrosion  occurs 
only  where  the  affected  structures  are  close  to  the  rails  and 
positive  in  potential  to  them,  whereas  corrosion  is  frequently 
found  in  the  so-called  "neutral  zones"  as  well  as  in  locations 
remote  from  railway  structures,  in  the  latter  case  corrosion 
being  due  to  exchange  of  current  between  different  piping  or 
cable  systems,  very  often  associated  with  reversals  of  direction. 

In  one  respect,  however,  I  desire  to  offer  a  criticism  which 
repeats  a  similar  comment  of  mine  in  connection  with  an  earlier 
paper  of  one  of  the  authors,  namely,  that  the  current  densities 
employed  are  much  higher  than  those  encountered  in  practise. 
To  be  sure,  the  authors  have  offered  a  good  reason  for  the  current 
density  employed,  but  it  seems  especially  unfortunate  that  lower 
densities  were  not  investigated  on  account  of  the  uncertainty 
which  remains  regarding  the  precise  nature  of  the  corrosion 
where  low  corrosion  coefficients  were  found. 

Two  examples  taken  at  random  illustrate  the  magnitude  of 
the  apparent  current  densities  which  may  be  met  in  practise, 
associated  with  actual  corrosion.  In  one  case  current  having 
a  24-hour  average  value  of  3.4  amperes,  flowed  from  a  20-inch 
cast  iron  gas  main  between  two  test  stations,  150  feet  apart. 
This  works  out  to  0.0046  milliampere  per  sq.  cm.,  average,  over 


330  ELECTROLYTIC  CORROSION  [March  10 

the  whole  surface.  Therefore,  only  about  1/100  of  the  whole 
surface  would  be  conducting  to  attain  the  current  density  used 
in  the  experiments  described  in  the  paper. 

In  another  case,  serious  damage  was  done  to  cable  sheaths  by 
the  loss  of  one  ampere  in  a  single  section  between  manholes. 
Since  the  cable  was  of  large  diameter,  it  may  be  assumed  that 
the  lowest  1-inch  of  circumference  was  in  contact  with  moisture 
and  soil  in  the  conduit,  the  minimum  distance  between  manholes 
was  about  250  feet.  Under  these  conditions,  the  contact  area 
would  be  19,350  sq.  cm.,  and  the  average  current  density  would 
be  0.052  milliamperes  per  sq.  cm.,  or  roughly,  1/10  of  the  value 
used  in  the  paper. 

I  do  not  mean  to  say  that  densities  as  low  as  these  average 
densities  should  necessarily  be  employed  for  experimentation, 
but  that  something  approximating  them  should  be  employed  in 
view  of  the  admitted  influence  of  secondary  effects  which  graatly 
increase  the  corrosion  coefficients  at  low  densities,  and  which 
might  strongly  influence  an  investigation  like  the  present  one. 
Moreover,  it  should  be  borne  in  mind  that  the  average  current 
densities  referred  to  above  may  still  be  directly  compared  with 
the  densities  used  by  the  authors,  since  theirs  are  also  average 
densities. 

A.  F.  Ganz:  Several  papers  have  been  published  describing 
the  results  of  experiments  with  alternating  currents  of  commer- 
cial frequencies  in  producing  electrolysis  of  iron  in  soils  and  in 
solutions.  The  results  of  these  experiments  have  generally 
shown  that  with  alternating  current  some  corrosion  results, 
but  that  this  is  only  of  the  order  of  one  per  cent  of  that  calculated 
by  Faraday's  law  from  the  quantity  of  electricity  discharged 
from  the  anode.  The  present  authors  have  found  substantially 
the  same  results  with  alternating  currents  of  frequencies  of  15 
and  60  cycles  per  second.  The  authors  have  also  included  tests 
using  direct  current  which  was  reversed  at  relatively  long  intervals, 
the  periods  varying  from  one  second  to  two  weeks.  They  have 
found  that  even  with  the  longest  period  of  reversal,  the  corrosion 
produced  is  less  than  that  computed  by  Faraday's  law  from  the 
total  quantity  of  electricity  leaving  the  anode,  -and  that  the 
corrosion  of  both  iron  and  lead  electrodes  decreases  with  in- 
creasing frequency. 

The  authors  have  used  a  current  density  of  approximately  0.5 
milliampereper  sq.  cm.  for  the  iron  and  also  for  the  lead  samples, 
which  is  approximately  0.46  ampere  per  sq.  ft.  This  current 
density  is  probably  over  10  times  as  great  as  is  generally  found 
in  practise  in  the  case  of  pipe  and  cable  sheaths  affected 
by  stray  currents.  The  authors  state  that  this  current  den- 
sity was  used  because  in  a  previous  investigation  on  the  cor- 
rosion of  iron  in  street  soils,  it  had  been  found  that  with  current 
densities  no  greater  than  these,  coefficients  of  corrosion  of 
practically  unity  were  obtained  with  direct  current.  I  would 
like  to  ask  the  authors  whether  in  the  case  of  lead,  similar  tests 
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were  made,  and  if  so,  whether  with  much  smaller  current  densities; 
a  coefficient  of  corrosion  as  low  as  25  per  cent  was  also  found. 
It  is  well  known  that  as  the  density  of  current  fiowing  from  a 
corrodible  anode  to  an  electrolyte  is  increased ,  a  point  is  reached 
where,  ii\  addition  to  the  metal  going  into  solution,  gases  are 
formed  so  that  only  part  of  the  electricity  is  effective  in  dissolving 
the  anode,  and  the  other  part  produces  gas.  If  tests  with  lower 
current  densities  on  lead  samples  have  not  been  made,  it  seems 
to  me  that  this  should  be  done  before  the  conclusion  can  be 
accepted  that  with  lead  as  an  anode  the  corrosion  is  only  25  per 
cent  of  that  calculated  by  Faraday's  law. 

The  present  tests  were  made  with  only  one  kind  of  soil.  It  is 
entirely  possible  also  that  with  soils  containing  other  constituents 
than  the  soil  used,  a  higher  coefficient  of  corrosion  maybe  found 
for  lead. 

Assuming,  however,  that  the  corrosion  from  electrolysis  with 
lead  anodes  is  under  practical  conditions  only  25  per  cent  of 
that  calculated  by  Faraday's  law,  it  seems  to  me  that  this  makes 
alternating  or  infrequently  reversed  currents  much  less  advan- 
tageous in  the  case  of  lead  than  is  indicated  by  the  coefficients 
of  corrosion  given  for  these  currents  in  the  paper.  To  make 
clear  what  I  mean,  I  find  in  Table  VIII  that  with  a  frequency 
of  reversal  of  10  minutes,  the  average  coefficient  of  corrosion  is 
given  as  0.132.  This  figure  is  obtained  by  dividing  the  actual 
loss  from  electrolysis  by  the  loss  calculated  by  Faraday's  law. 
If,  however,  with  direct  current  the  coefficient  of  corrosion  is  25 
per  cent  instead  of  100  per  cent,  the  beneficial  effect  of  a  fre- 
quency of  reversal  of  10  minutes  is  represented  by  four  times 
0.132  or  by  0.528,  and  not  by  0.132.  This  means  practically 
that  if  with  direct  current  a  certain  amount  of  corrosion  is  pro- 
duced, a  reversing  current  having  a  frequency  of  10  minutes  will 
cause  a  little  more  than  half  as  much  corrosion  as  the  direct 
current.  As  it  is  well  known  that  lead  cal)lc  sheaths  in  practise 
arevery  rapidly  destroyed  l)y  localized  pitting  where  they  are  at  all 
times  positive  to  earth,  and  even  where  a  relatively  small  current 
flows  from  the  cable  sheaths,  it  is  evident  that  much  less  imi)rove- 
ment  is  to  be  expected  from  alternating  or  from  infrequently 
reversed  currents  in  the  case  of  lead  cable  sheaths  than  is  indicated 
by  the  coefficients  of  corrosion  given  in  the  ])aper. 

The  authors  state  that  the  reduction  in  electrolytic  corrosion 
from  alternating  or  infreciuently  reversed  currents  ai)pears  to 
be  due  to  the  fact  that  the  corrosive  action  is  in  a  large  degree 
reversible.  While  the  results  of  the  tests  indicate  that  this  may 
be  the  action,  I  do  not  believe  that  they  are  sufficiently  conclusive 
to  prove  this  theory,  and  it  would  be  very  desirable  to  have  this 
phase  of  the  subject  discussed  theoretically  from  an  electro- 
chemical standpoint.  This  is  to  my  mind  extremely  important 
because  it  may  serve  to  answer  the  question  as  to  whether  the 
low  coefficients  of  corrosion  found  in  the  present  tests  may  also 
be  expected  with  the  widely  varying  conditions  of  the  electrolyte 
found  in  practise. 
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.  On  the  basis  of  the  very  low  coefficients  of  corrosion  found 
where  the  reversal  is  one  minute  or  less,  the  authors  draw  the 
conclusion  that  where  underground  pipes  or  cable  sheaths  reverse 
more  or  less  continually  in  polarity,  the  algebraic  average  of  the 
current  or  potential  is  more  nearly  a  correct  index  of  the  total 
damage  that  would  result  from  electrolysis  than  any  other 
figure  that  can  be  obtained.  All  of  the  tests  described  in  the 
paper  were  however  made  with  reversed  currents  whose  alge- 
braic average  is  zero.  In  order  to  prove  the  validity  of  the  alge- 
braic average  for  judging  danger  from  electrolysis,  it  seems  to  me 
that  it  would  be  desirable  to  make  experiments  in  which  the 
algebraic  average  is  other  than  zero,  and  particularly  with  reversed 
currents  in  which  the  periods  for  the  positive  lobes  are  made 
substantially  longer  than  the  periods  for  the  negative  lobes. 

From  a  practical  standpoint  it  seems  to  me  that  it  would 
also  be  very  misleading  to  give  only  the  algebraic  average  of 
the  potential  or  current,  where  these  quantities  continually 
reverse.  This  will  readily  be  seen  from  the  fact  that  large  cur- 
rents may  reverse  in  underground  cable  sheaths  or  pipes,  and 
yet  the  algebraic  averages  may  be  zero,  so  that  if  the  results  are 
expressed  only  as  algebraic  averages,  an  entirely  false  impression 
is  created.  There  are  other  dangers  from  stray  currents  flowing 
on  underground  pipes  and  cable  sheaths  besides  electrolysis,  as 
for  example  fire  hazards  from  sparks  or  arcing  where  currents 
pass  through  buildings  on  service  pipes  or  cables.  These  dangers 
are  not  in  any  sense  measured  by  the  algebraic  average  of  the 
currents. 

I  want  to  say  in  conclusion  that  if  the  low  coefficients  of  cor- 
rosion found  by  the  present  authors,  even  with  very  slowly 
reversed  currents,  are  substantiated  for  soils  generally  and  for 
the  low  current  densities  usually  met  in  practise,  methods  of 
electrolysis  mitigation  which  result  in  large  areas  of  reversing 
polarities  of  the  underground  structures,  such  as  insulated 
return  feeder  systems  and  three-wire  systems,  assure  a  much 
greater  degree  of  protection  from  destruction  by  electrolysis 
of  these  structures  and  particularly  of  iron  structures,  than  has 
previously  been  expected.  The  work  described  by  the  present 
authors  has  therefore  wide  practical  application  and  it  is  fortunate 
that  we  now  have  the  resiilts  of  this  work  available. 

J.  L.  R.  Hayden:  I  agree  with  the  author's  conclusions 
except  in  some  minor  features. 

I  do  not  believe  that  there  is  a  limiting  frequency  beyond 
which  no  appreciable  corrosion  occurs.  While  at  25  cycles,  the 
corrosion  is  already  less  than  1  per  cent  in  most  cases,  there  is 
still  a  distinct  decrease  at  60  cycles,  and  traces  of  electrolytic 
action  seem  to  remain  even  at  very  much  higher  frequencies. 
At  the  low  current  densities  used  in  the  experiments  the  chemical 
corrosion  is  comparable  with  the  electrolytic,  and  as  the  chemical 
corrosion  is  very  variable,  a  serious  source  of  error  results  at  these 
frequencies,  which  in  my  opinion  is  the  cause  of  the  apparently 
negative  corrosion  at  60  cycles,  in  Table  V. 
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I  agree  with  the  experience  that  alkaline  solutions  chemically 
protect  iron,  but  attack  lead. 

The  low  coefficient  of  corrosion  of  lead  may  be  apparent  only, 
and  due  the  assumption  of  lead  as  bivalent.  As  in  the  lead 
storage  battery  the  anodic  action  proceeds  to  PbOi,  it  appears 
probable  that  with  unidirectional  current  of  long  duration,  Pb 
shows  valency  4.  This  would  double  all  the  corrosion  coefficients 
of  lead.  At  higher  frequencies,  lead  probably  is  bivalent,  and 
this  would  account  for  the  different  slopes  of  the  lead  and  the 
iron  curves. 

The  observer's  results  seem  to  agree  with  my  experience  that 
iron  is  more  erratic  than  lead.  This  I  explained  by  the  ease, 
with  which  iron  can  assume  the  passive  (probably  trivalent) 
state.  As  time,  current  density  (even  momentary),  previous 
history  and  nature  of  electrolyte  (nitrates  favorable,  chlorides 
unfavorable  for  passivity)  and  surface  condition  (presence  of 
scale)  have  a  material  influence  on  passivity,*  during  half  cycles 
of  long  duration  the  iron  electrodes  may  change  from  active 
to  passive  and  inversely.  As  active  iron  appears  to.  be  bivalent, 
passive  iron  trivalent,  the  previous  hydrogen  electrode,  when 
changing  to  anode  by  reversal  of  current,  would  tend  to  start 
active.  This  may  account  for  some  of  the  differences  between 
the  odd  and  even  electrodes. 

As  nitrates  and  ammonia  are  frequent  constituents  of  soil, 
and  nitrates  have  a  strong  passivating  effect,  it  would  have  been 
interesting  to  make  some  experiments  with  soil  containing 
ammonium  nitrate  for  instance. 

Also,  the  action  of  higher  current  densities  would  be  of  inter- 
est, especially  with  lead  electrodes.  Lead  cables  laid  in  ducts 
are  usually  fairly  well  insulated  except  locally,  where  moisture 
may  have  penetrated  etc.  With  such  lead  cables  the  current 
flow  may  be  localized,  and  then  higher  densities  result. 

S.  M.  Elintner:  The  practical  value  of  the  information 
sought  by  the  author,  in  so  far  as  it  relates  to  engineering 
practise  in  most  instances  at  least,  is  the  assistance  it  will 
give  in  forecasting  what  will  happen  to  a  pipe  or  lead  covered 
cable  buried  in  the  ground  and  subjected  to  such  electrolytic 
actions.  A  pipe,  or  cable,  under  such  conditions  fails  by  a  small 
hole,  or  at  least  only  a  small  hole  is  sufficient  to  cause  serious 
trouble  very  shortly.  This  being  the  case  it  is  of  rather  academic 
interest  to  know  whether  the  pipe  as  a  whole  has  lost  one  per 
cent  in  weight,  or  even  ten  per  cent. 

Even  if  we  knew,  quite  accurately  how  the  loss  varied  with 
current  density  etc.,  we  could  make  no  practical  use  of  it,  in  an 
application  such  as  that  assumed,  for  the  very  evident  reason 
that  we  have  no  control  over  the  current  distribution  as  it  goes 
to  or  from  such  a  buried  pipe.  What  we  are  interested  in,  how- 
ever, is  the  order  of  the  loss  that  may  be  expected,  compared  to 

•  "Electrolytic  Corrosion  of  Iron  by  Direct  Current",  Journal  of 
Franklin  Institute,  October  1911. 
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that  due  to  d-c.  electrolysis,  or  to  ordinary  corrosion  under  like 
conditions  of  soil. 

The  paper  contains  some  very  interesting  results  on  the 
effects  of  infrequent  reversals  of  direct  current.  These  results 
are  of  considerable  practical  value,  if  applied  with  proper  dis- 
cretion. 

In  a  series  of  tests  on  a-c.  electrolysis  made  by  me  in  1904-5 
and.  reported  in  part  in  the  Electric  Journal  of  1905,  attempts 
were  made  to  secure  accurate  data.  Both  iron  and  lead  plates, 
weighed  accurately  before  and  after  subjecting  them  to  a-c. 
electrolytic  action,  were  used. 

The  plates  of  iron  in  some  test  boxes,  and  lead  in  others,  were 
arranged  so  as  to  form  the  two  ends  of  small  boxes,  of  which 
the  other  sides  were  of  wood.  Some  20  or  30  of  these  were 
used  in  various  combinations  of  frequencies,  of  electrolytes,  of 
current  densities  etc.  It  did  not  take  long,  however,  to  show 
that  the  current  densities  varied  greatly,  that  the  **gain"  plates 
of  the  direct  current  cells  lost  as  much,  or  more  than  those  plates 
subjected  to  the  simple  corrosion  or  to  the  a-c.  electrolytic 
action  and  that  the  cleaning  for  weighing  was  apt  to  produce 
greater  losses  than  the  losses  it  was  expected  to  detect. 

The  d-c.  '*loss"  plates  would  be  eaten  through  at  places 
slightly  below  the  surface,  while  at  other  places  down  deeper  in 
the  solution  the  action  was  comparatively  slight.  This  was  quite 
conclusive  proof  that  the  current  densities  were  not  uniform 
over  the  whole  plate  surface.  The  mounting  employed  was 
expected  to  eliminate  the  greater  density  at  the  edges  of  the 
plates  and  thus  secure  a  closer  approximation  to  uniformity  of 
current  density. 

It  is  to  be  noted  that  in  the  present  paper  no  such  precautions 
were  taken  and  so  it  is  reasonable  to  expect  even  a  greater  varia- 
tion in  current  density  than  in  the  tests  made  by  me  in  1904. 

After  concluding  a  number  of  the  plate  tests,  all  laboratory 
tests,  and  reaching  the  decision  that  no  data  of  a  greater  degree 
of  refinement  were  obtainable  or  even  if  obtainable,  could 
be  applied  practically,  it  was  decided  to  check  the  general 
observations  by  tests  approximating  as  nearly  as  possible,  the 
actual  operating  conditions.  Consequently  a  number  of  pipes 
of  about  four  feet  length  and  three  inches  in  diameter,  were 
buried  after  being  carefully  weighed,  marked  and  having  their 
ends  sealed  with  an  asphalt  gum.  These  pipes,  both  commercial 
wrought  pipe  and  lead  cable,  were  buried  in  three  different 
localities  separated  some  25  miles  from  each  other.  These  test 
pipes  were  arranged  in  groups  in  each  of  the  three  localities 
and  in  this  way  the  effects  of  frequency,  current  density,  (inso- 
far as  total  current  per  pipe  would  indicate  it)  direct  current  and 
simple  corrosion  were  observed.  Pipes  were  buried  at  different 
depths  varying  from  two  to  six  feet.  There  was  a  sufficient 
number  of  pipes  in  each  combination  to  pennit  the  removal  of 
some  after  various  periods  of  action.  They  were  all  removed 
at  the  end  of  one  year. 
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Attempts  at  weighing  and  checking  against  the  original 
weights,  proved  of  no  value  whatever. 

A  careful  study  of  them  did  show  that  effects  of  the  a-c. 
electrolysis,  both  25  and  60  cycle,  was  just  about  the  same  as 
that  shown  by  pipes  subjected  to  corrosion  only. 

Fortunately  the  character  of  soil,  in  the  three  places  in  which 
they  were  buried,  differed  very  materially. 

The  effects  on  the  pipes  of  the  alternating  currents  followed 
quite  closely,  in  each  of  the  three  places,  that  produced  by  cor- 
rosion only. 

The  serious  effects  noted  were  pits,  some  quite  deep,  while 
the  pipe  immediately  adjacent  was  in  good  condition  with  no 
signs  of  pit  marks.  The  pits  were  no  different  on  the  pipes 
subjected  to  the  alternating  current  than  those  where  corrosion 
only  had  caused  the  action.  This  indicates  either  a  variation 
in  the  pipe,  or  a  variation  in  the  soil  in  which  it  is  buried,  which 
sets  up  a  very  strong  local  activity. 

Carl  Hering:  The  results  given  in  the  paper  are  of  interest 
and  of  value,  especially  as  some  of  them  are  different  from  what 
was  probably  supposed  to  be  the  case,  while  others  confirm 
by  experiment  what  heretofore  was  a  mere  belief.  One  of  the 
most  valuable  results  is  that  in  what  are  called  the  neutral  districts 
in  underground  electrolytic  corrosion  problems,  the  periodic 
reversals  of  current  practically  neutralize  each  other;  also  that 
corrosion  from  underground  alternating  currents  of  the  usual 
frequencies,  is  not  a  serious  menace;  there  were  good  reasons 
for  believing  that  for  lead  covered  cables  at  least,  the  corrosion 
due  to  underground  alternating  current  might  be  serious. 

Asa  P.  Way:  This  paper  suggests  an  attempt  made  about 
six  years  ago  for  the  mitigation  of  electrolysis  in  two  instances, 
one  of  which  was  very  familiar  to  me.  In  this  method  a  specially 
designed  transformer  was  used  through  the  low  voltage  side  of 
which  passed  the  return  current  of  one  or  more  pipe  drainage 
feeders  connected  to  taps  of  different  potential.  The  primary 
was  excited  through  resistance  by  an  intermittent  current  from 
a  550-volt  d-c.  source.  The  idea  was  to  set  up  a  relatively  low 
frequency  reversing  potential  between  pipes  and  rails.  However, 
financial  as  well  as  mechanical  difficulties,  I  believe,  prevented 
the  development  of  the  installations,  although  there  appeared  to 
be  merit  in  the  scheme. 

However  I  have  had  in  mind  for  some  time  to  use  the  principles 
set  forth  in  this  paper  in  connection  with  the  insulated  negative 
feeder  system  but  particularly  with  such  an  installation  put  in 
operation  about  two  months  ago.  In  this  particular  installation 
two  of  the  feeders  connect  to  a  track  about  4000  feet  apart 
where  tracks  are  consistently  negative  to  water  pipes  although 
conditions  are  not  dangerous,  due  principally  to  some  poor 
track  bonding  in  the  neighborhood.  My  idea  is  to  place  in 
series  with  each  of  these  feeders  a  definite  amount  of  resistance 
alternately  to  be  short  circuited  by  automatically  operated 
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An  imponant  conclusion  thai  should  be  drawn  from  the  pajer 
is  that  in  an  electrolysis  survey,  readings  should  be  taken  for 
twenty-fotir  hour^.  preferably  by  means  of  recording  instruments 
so  that  the  full  cycle  of  a  day's  operations  will  be  included  and 
all  current  reversals  recorded. 

We  are  particularly  interested  in  the  statement  that  the  b^s^ 
of  lead  in  soil  under  d-c.  flow  is  about  25  rer  cent  of  the  theoreti- 
cal loss.     We  trust  that  this  imp'^rtant  y)henomena  will  be  m.ore 

fully  investi.^^ated  and  explained. 
Tc^ts  which  we  have  made  upon 
electrolysis  samples  of  steel  sur- 
rouruled  by  two  inches  of  Qorx- 
Crete  indicate  that  the  efficiency 
of  corrosion  i^  n<~)t  over  30  per 
cent.  Some  of  these  tests  havtr 
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position  in  Fi^;.  3  and  Vig.  4. 
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See  Fig.  1.  It  will  be  seen  that  very  promptly  upon  the  reversal 
of  the  current  there  was  a  surprising  drop  in  the  resistance,  which 
was  partially  restored  upon  again  making  the  electrode  positive. 
Under  repeated  reversals  the  resistance  of  the  sample  steadily 
decreased  with  every  indication  that  a  stable  condition  had  been 
reached.  Finally  the  electrode  was  again  subject  to  a  steady 
positive  potential  and  the  resistance  increased  to  an  approx- 
imation of  its  original  value.  Naturally  the  question  arises 
whatcaused  the  resistance  to  increase  anddecrease  in  this  manner? 
Was  the  action  due  to  gases  or  the  expulsion  and  return  of  the 
electrolyte?  At  any  rate  the  test  shows  that  the  resistance  of 
the  electrolytic  circuit  of  steel  encased  in  concrete  is  built  up 
by  making  the  steel  positive,  and  broken  down  by  making  it 
negative. 

Electrolysis  engineers  working  to  protect  underground  struc- 
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tures  from  electrolysis  have  constantly  before  them  the  statement 
that  one  d-c.  ampere  flowing  steadily  for  a  year  will  disintegrate 
twent}^  pounds  of  iron,  or  seventy-five  pounds  of  lead  under 
favorable  conditions.  Should  such  rates  of  deterioration  be 
realized  in  practise  many  important  structures  would  be  in  need 
of  extended  repairs,  and  the  expenditure  of  very  large  sums  in 
protective  measures  would  be  justified. 

When,  however,  foundations,  especially  steel  foundations 
encased  in  concrete  have  been  uncovered  and  found  to  be  but 
slightl  '  affected,  although  subjected  to  a  potential  favoring 
electrolysis  for  years,  the  question  naturally  arises  whether  there 
are  not  circumstances  which  in  practise  largely  reduce  these 
large  estimates  of  electrolysis  damage. 

The  paper  of  the  evening  demonstrates  the  existence  of  at 
least  one  very  important  condition  that  materially  retards 
electrolysis  in  many  localities. 
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An  important  conclusion  that  should  be  drawn  from  the  paper 
is  that  in  an  electrolysis  survey,  readings  should  be  taken  for 
twenty-four  hours,  preferably  by  means  of  recording  instruments 
so  that  the  full  cycle  of  a  day's  operations  will  be  included  and 
all  current  reversals  recorded. 

We  are  particularly  interested  in  the  statement  that  the  loss 
of  lead  in  soil  under  d-c.  flow  is  about  25  per  cent  of  the  theoreti- 
cal loss.    We  trust  that  this  important  phenomena  will  be  more 

fully  investigated  and  explained. 
Tests  which  we  have  made  upon 
electrolysis  samples  of  steel  sur- 
rounded by  two  inches  of  con- 

Crete  indicate  that  the  efficiency 

of  corrosion  is  not  over  30  per 
_  cent.    Some  of  these  tests  have 

extended  over  lonjj  periods. 

Referring  to  conclusion  (2)  of 
the  paper  that  **the  corrosion  is 
practically  negligible  for  both  metals  when  the  period  of  the 
cycle  is  not  greater  than  about  one  minute,*'  we  have  understood 
that  when  electrolysis  is  taking  place  under  ordinary  conditions 
that  water  molecules  are  broken  up  and  the  gases  collect  at  the 
anode  and  cathode  surfaces.  Upon  reversal  of  current,  is  it  not 
possible  that  these  gases,  especially  the  hydrogen  gases,  in  some 
way  interfere  with  the  prompt  starting  of  electrolysis?  May 
it  not  take  about  a  minute  to  dissipate  these  gases? 
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In  the  twenty-five  months'  test  referred  to  above,  there  was 
a  period  without  flow  of  current  between  each  reversal  amount- 
ing to  about  one-third  of  the  time.  The  shape  of  the  current 
curve  is  shown  in  Fig.  2. 

In  addition  to  the  four  samples  subjected  to  reversing  test 
there  were  six  others  that  were  connected  in  circuit  as  shown  in 
Fig.  3  and  Fig.  4. 

In  Fig.  5  is  shown  all  the  samples  at  the  end  of  the  twenty- 
five  months,  each  sample  being  lettered  corresponding  to  its 
position  in  Fig.  3  and  Fig.  4. 
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Thomas  M.  Roberts:  My  remarks  will  be  a  brief  comment  on 
conclusion  No.  8. 

Fig.  6  represents  a  rise  of  potential  in  a  pipe  line  above  a  given 
zero,  and  a  simultaneous  drop  of  potential  in  the  rails  with  the 
going  and  coming  of  cars.  It  is  to  be  noted  that  the  change  of 
potential  of  the  conductors  in  the  earth  is  greater  as  t^e  distance 
between  the  bond  points  increases.  *  This  probably  is  known  to 
many  railway  engineers,  but  it  is  not  so  well  known  to  many  who 
install  underground  systems  of  piping  which  may  become  bonded 
with  electrical  conductors.  I  simply  call  attention  to  the  fact 
that  in  an  active  zone  a  well  bonded  system  of  pipes  and  con- 
ductors suffers  less  from  electrolysis  than  a  poorly  bonded 
system.  This  we  know  irrespective  of  whether  the  electrolytic 
effects  are  caused  by^an  arithmetical  average  or  by  the  algebraic 
siun  of  the  currents.  The  effect  is  what  it  is,  irrespective  of  the 
name  given  to  the  cause.  The  name  is  a  small  matter ;  the  method 
of  installation  is  the  important  thing. 


Fig.  6 — Diagram  Showing  Increase  of  Potential  Difference  Be- 
tween Pipe  and  Rails  with  Increase  of  Distance  Between 
Bonded   Points 

L.  W.  Chubb:  We  carried  out  about  a  year  ago  a  test  with 
slow  reversal  currents.  In  the  control  of  large  induction  motors 
it  has  become  quite  common  to  feed  the  secondary  through  a 
water  rheostat,  as  it  is  called.  The  frequency  of  alternation 
starts  at  25  or  60  cycles,  and  as  the  motor  speeds  up  the  frequency 
drops  to  the  slip  frequency  which  is  less  than  one  cycle  per  second. 

There  has  been  some  corrosion  trouble  with  the  metal  electrodes 
in  different  parts  of  the  country  and  very  careful  tests  were  made 
to  find  the  effects  of  purity  of  water.  These  tests  were  carried 
out  not  in  as  much  detail  as  they  might  have  been,  but  they 
showed  conclusively  that  the  water,  although  reasonably  pure, 
as  pure  as  the  moisture  of  the  soil,  has  a  great  bearing  on  the 
rdsult.  Tests  were  made  from  60  cycles  down  to  0.1  of  a  cycle 
per  second,  the  low  cycles  being  obtained  by  feeding  from  the 
secondary  of  the  induction  motor,  with  a  constant  slip,  and  by 
reversing  direct-current  with  a  rheostat  which  cut  in  and 
out  the  resistance,  so  that  the  wave  shape  approximated  a 
sine  wave.  The  specific  results  are  covered  in  Mr.  Spooner's 
discussion. 

Sodiiun  carbonate  is  used  in  water  rheostats.  It  is  used 
because  it  causes  little  corrosion.  For  this  reason  I  believe  it 
was  not  a  very  representative  chemical  to  add  to  the  soil 
employed    in  the  test  described  in  the  paper.     I  think  it  is 
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to  be  regretted  that  the  authors  cleaned  their  samples  as  they 
did,  and  did  not  take  off  the  scale  before  the  test  was  made. 

Prof.  Ganz  said,  that  the  usual  current  reversals  do  not  have 
an  average  value  of  zero.  I  might  say  that  it  is  possible  that  the 
average  value  of  the  test  current  was  not  zero  in  these  tests, 
which  may  account  for  the  great  discrepancy  between  odd  and 
even  plates,  and  also  increase  the  results.  If  the  ampere-hours 
in  each  direction  are  equal,  we  should  expect  a  very  much  lower 
corrosion  than  if  there  is,  say,  one  per  cent  increase  in  one  direction 
over  the  other.  In  our  tests  we  met  this  trouble,  and  had  to 
make  a  good  many  of  the  tests  over  again.  We  used  ampere- 
hour  meters  to  integrate  the  current  first  in  one  direction  and 
then  in  another. 

Thomas  Spooner:  Almost  a  year  ago  we  made  some  tests 
on  the  effect  of  frequency  of  alternating  current  on  the  rate  of 
corrosion  of  various  metals  and  alloys  in  solutions  of  2  per  cent 
sodium  carbonate  and  in  sea  water.  The  tests  were  largely  quali- 
tative, but  they  may  add  something  of  interest  to  this  subject. 

The  investigation  was  made  on  plates  of  various  materials 
immersed  in  electrolytes  contained  in  beakers.  There  was  no 
stirring  beyond  that  produced  by  the  electrolytic  action.  Each 
plate  had  an  immersed  area  (one  side)  of  about  2.7  sq.  in.  (17.4 
sq.  cm.)  and  the  average  current  varied  from  5  amperes  to  1 
ampere,  the  higher  the  values  being  used  only  on  a  few  prelim- 
inary tests.  The  average  current  for  most  of  the  tests  was  about 
2  amperes.  The  tests  were  made  with  various  frequencies  from 
25  to  0.1  cycles  per  second.  The  results  are  expressed  in  loss 
of  weight  in  grams  per  ampere-hour.  Some  of  the  results 
obtained  are  as  follows: 

TABLE  I.— ELECTR0LYTE--2  PER  CENT  SODIUM  CARBONATE 
Loss  IN  Grams  per  Ampere  Hour 


Frequency 

Nickel  chro- 

Current 

cycles  per  sec. 

'^Ingot  iion 

Monel  metal 

mium  alloy 

supply 

0.1 

0.0176 

0.0008 

0.0021 

Reversing  switch 

0.1 

0.0166 

0.0014 

0.0030 

Revolving  rheostat 

0.2 

0.0066 

0.00077 

0.0030 

M 

0.6 

0.0021 

0.00084 

0.0017 

M 

1.0 

0.0011 

0.00066 

0.00078 

A-c.  generator 

6.0 

0.00016 

0.00011 

0.0022 

u                t 

26.0 

0.000012 

Shop  supply 

TABLE  IL     ELECTROLYTE— SEA  WATER. 


0.1 
1.0 
6.0 


Badly  corroded 
in  3i  hrs. 
0.0041 
0.0022 


Badly  corroded 
3ihrs. 
0.0111 
0.0098 


Entirely  eaten 
away  in  li  hrs. 

0.0498 

0.0401 


Revolving  rheostat 
A-c.  gen. 


*Ingot  iron  was  tested  in  sodium  carbonate  solution  with  d-c. 
at  end  of  9i  hours. 


It  was  badly  corroded 
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A  few  tests  were  made  on  a  5  per  cent  nickel  steel  alloy  (rolled), 
a  5  per  cent  nickel  steel  alloy  (cast),  and  boiler  plate.  The  first 
two  corroded  rapidly,  while  the  last  at  frequencies  of  0.5,  1.0 
and  5.0  and  a  2  per  cent  sodium  carbonate  solution  gave  the  same 
results  as  the  ingot  iron  within  the  limits  of  accuracy  of  the  test. 

The  first  0.1  cycle  tests  were  made  with  a  motor  driven  revers- 
ing switch  which  was  open  about  the  same  length  of  time  it  was 
closed.  The  revolving  rheostat  tests  were  made  with  an  appar- 
atus as  shown  in  Fig.  7.  The  operation  of  the  device  is  obvious 
from  the  figure.     It  gave  a  wave  like  that  shown   in   Fig.    8. 
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Fig.  7 


The  resistance  R^  (Fig.  7)  was  introduced  to  correct  a  slight 
dissymmetry  in  the  positive  and  negative  halves  of  the  current 
wave.  This  device  was  substituted  for  the  reversing  switch 
because  it  was  difficult  to  make  the  time  of  closure  of  the  switch 
the  same  for  both  directions  and  because  for  this  particular 
investigation  it  was  desired  to  have  the  wave  form  approxi- 
mately that  of  a  sine.  The  average  value  of  the  current  was  deter- 
mined by  an  integrating  d-c.  ammeter  which  was  reversed  each 
half  cycle.  The  ratio  between  the  maximum  current  and  this 
average  was  calculated  and  considered  constant  for  the  several 
succeeding  tests.  The  equality  of  the  posi- 
tive and  negative  halves  of  the  current  wave 
was  checked  by  means  of  a  copper  volt- 
ammeter. 

These  tests  induced   us   to   arrive  at  the 
following  conclusions: 

(a)  The  lower  the  frequency  the  greater  the  loss  in  weight 
of  the  electrodes,  this  loss  increasing  very  rapidly  below  0.5 
cycles  per  second. 

(b)  All  of  the  substances  investigated  corroded  very  rapidly 
with  d-c.  currents. 

(c)  Where  considerable  chlorides  are  present  in  the  electro- 
lyte, ingot  iron  vSeems  to  be  superior  to  any  of  the  other  substances 
investigated. 
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(d)  With  low  frequencies,  monel  metal  seems  to  be  the  most 
satisfactory  with  2  per  cent  sodium  carbonate  solution. 

(e)  Boiler  iron  seems  to  have  almost  the  same  loss  as  ingot 
iron. 

(f)  Very  large  differences  in  loss  were  obtained  depending 
on  the  condition  of  the  surface  of  the  plates.  This  may  account 
for  the  peculiar  increase  in  loss  for  the  nichrome  at  5.0  cycles 
(see  Table  I)  as  this  material  is  especially  susceptible  to  surface 
conditions. 

Some  previous  investigators  have  thought  that  the  electrode 
loss  per  ampere  hour  was  a  function  of  the  current  density. 
Where  they  have  shown  data  to  substantiate  this,  is  it  not 
possible  that  the  greater  current  density  produced  a  stirring 
action,  which  as  pointed  out  by  the  authors  of  this  paper,  in- 
creases the  loss. 

Maximilian  Toch:  Under  the  heading  "Complete  Series  of 
Tests,"  it  is  stated  that  the  experiments  were  conducted  with 
iron  and  lead  buried  in  soils,  and  I  believe  no  attention  has  been 
paid  to  the  electrolyte  in  these  soils,  for  the  obvious  reason  that 
if  steel  or  metal  which  will  corrode  is  buried  in  a  soil  in  which 
there  is  no  oxygen  nor  water  corrosion  cannot  ensue,  and  I  have 
seen  so  many  cases  of  subterranean  corrosion,  beams  of  buildings, 
pipes  and  conduits,  that  I  know  there  is  a  vast  difference  between 
electrolytic  corrosion  in  a  wet  soil  and  electrolytical  and  chemical 
corrosion  in  a  semi-dry  soil. 

In  fact,  I  have  gone  so  thoroughly  into  this  subject  that  I  am 
even  now  conducting  experiments  on  the  western  coast  of  South 
America  in  a  climate  which  I  believe  is  much  dr>'er  than  that  of 
Arizona,  and  I  have  conducted  experiments  in  the  southern  part 
of  Nevada  and  the  northern  part  of  Arizona  on  the  protection 
of  steel  against  corrosion  under  various  conditions.  I  say  this 
in  order  to  qualify  before  you,  for  I  have  paid  a  great  deal  of 
attention  to  this  subject  in  the  last  twenty-one  years. 

Burton  McCollum:  Mr.  Torchio  has  raised  the  question 
as  to  why  the  principles  brought  out  in  the  paper  have  not  been 
heretofore  applied  by  electric  railway  interests  for  the  miti- 
gation of  electrolysis  troubles.  The  reason  I  think  is  quite 
apparent,  namely,  that  in  order  to  secure  an>'thing  like  the  high 
degree  of  protection  that  would  be  desired  it  would  be  necessary 
to  reverse  the  polarity  of  the  trolley  several  times  a  day,  although 
of  course,  reversing  once  every  24  hours  would  accomplish 
something.  To  reverse  the  polarity  of  the  trolley  once  an  hour 
or  oftener  would  introduce  an  operating  complication  that  few 
if  any,  railway  men  would  consider.  Such  frequent  reversal 
would  be  objectionable  even  where  an  entire  system  is  supplied 
by  a  single  station,  and  would  be  practically  prohibitive  in  the 
case  of  a  railway  system  fed  by  several  interconnected  stations. 
It  is  largely  for  this  reason  I  think  that  the  work  of  Mr.  Larsen 
has  not  been  given  more  attention.  I  would  point  out  in  this 
connection  that  the  work  described  in  the  present  paper  covers 
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an  entirely  different  field  and  was  undertaken  for  an  entirely 
different  purpose  from  the  work  done  by  Mr.  Larsen.  Mr. 
Larsen^s  object  was  to  determine  whether  or  not  it  would  be 
feasible  to  reduce  electrolysis  trouble  by  a  frequent  reversal 
of  the  trolley  polarity,  and  he  carried  out  no  experiments  in 
which  the  current  was  reversed  more  frequently  than  once  an 
hour.  In  the  .present  investigation  it  was  our  aim  to  determine 
the  order  of  magnitude  of  the  corrosion  that  would  be  produced 
in  the  so-called  neutral  areas  of  railways  where  the  reversal 
takes  place  at  short  intervals  of  from  a  few  seconds  to  a  few 
minutes.  In  order  to  make  the  investigation  complete  we 
carried  out  some  experiments  with  alternating  currents  of  ordin- 
ary frequency  on  which  a  good  deal  of  w^ork  had  previously 
been  done,  and  also  extended  our  investigation  into  the  regions 
of  long  periods  such  as  those  adopted  by  Mr.  Larsen.  Between 
these  extremes  however,  we  have  covered  a  wide  range  which 
has  not  heretofore  been  investigated,  namely,  frequencies  of 
reversal  such  as  those  found  between  tracks  and  pipes  and  other 
underground  structures  in  the  so-called  neutral  areas  of  electric 
railways. 

I  wish  to  make  it  clear  that  the  authors  ha\'e  not  put  forward 
this  data  with  any  idea  that  it  will  be  used  as  the  basis  of  a 
comprehensive  system  of  electrolysis  mitigation,  and  we  do 
not  consider  that  there  is  much  likelihood  of  it  being  used  in 
this  way  for  the  reasons  pointed  out  above.  Our  principal 
purpose  in  bringing  out  the  results  of  these  tests  is  to  show  that 
in  so-called  neutral  areas  the  actual  amount  of  corrosion  that 
will  take  place  is  much  less  than  has  often  been  supposed,  and 
that  the  extension  of  the  neutral  areas  due  to  the  application  of 
insulated  return  feeders,  three- wire  systems,  and  other  methods 
of  mitigating  electrolysis  troubles,  need  not  be  regarded  as 
introducing  any  additional  hazard  to  underground  structures. 

Regarding  the  criticism  brought  out  by  Prof.  Ganz  and  Mr. 
Maxwell,  I  would  say  that  the  current  density  of  0.5  milliam- 
pere  per  sq.  cm.  was  used  for  the  reason  that  this  is  about  the  low- 
est value  that  is  likely  to  be  of  any  practical  consequence.  If 
the  current  density  is  0.5  milliamperc  ])er  sq.  cm.  the  actual  rate 
at  which  the  iron  would  be  corroded  away  would  be  ai)prox- 
imately  one  centimeter  in  12  years.  1'his  is  a  rate  of  corrosion 
which  is  frequently  encountered  in  ])ractise  where  electrolysis 
conditions  are  only  moderately  severe.  Much  higher  current 
densities  are  frequently  found,  however.  On  the  otlier  hand,  it 
is  perfectly  true,  as  Mr.  Maxwell  and  Prof.  Ganz  have  pointed 
out,  that  in  practise,  es])ecially  near  the  so-called  neutral  zones, 
the  current  density  may  often  be  but  a  very  small  fraction  of 
that  used  in  the  tests,  but  it  must  be  admitted  that  such  current 
densities  are  of  no  practical  imi)ortance.  For  instance,  if  we 
use  a  current  density  of  0.0040  milliampere  per  sq.  cm.,  which 
Mr.  Maxwell  states  has  been  actually  found  by  him,  it  would 
appear  that  it  would  take  about  1300  years  to  corrode  the  iron 
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to  a  depth  of  one  centimeter.  While  it  may  be  true  that  the 
effect  of  reversed  currents  with  these  low  current  densities  may  be 
very  different  from  that  observed  in  these  experiments,itis  evident 
that  the  rate  of  corrosion  in  any  case  will  be  so  low  that  it  is 
of  no  concern  from  a  practical  standpoint,  however  interesting 
it  might  be  from  a  purely  scientific  point  of  view.  In  this  con- 
nection I  would  say  that  the  corrosion  on  the  test  specimens 
used  by  the  authors,  while  not  strictly  uniform,  was  nevertheless 
so  well  distributed  over  the  surface  that  it  was  evident  that  the 
current  density  at  any  one  point  was  not  very  greatly  in  excess 
of  the  average  value  of  0.5  milliamperes  per  sq.  cm.  used  in 
these  tests. 

Prof.  Ganz  states  that  the  tests  were  made  in  only  one  kind 
of  soil.  This  is  quite  true.  Part  of  the  tests  were  made  in  the 
natural  soil  and  some  with  sodium  carbonate  added,  and  the 
results,  while  slightly  different,  indicate  the  same  general  law. 
It  is  not  improbable  that  with  soil  from  different  sources  it 
would  be  found  that  the  knee  of  the  corrosion  curve,  or  the 
point  at  which  it  begins  to  rise  abruptly,  wotdd  be  shifted  more 
or  less.  Nevertheless  all  of  the  experiments  made  indicate 
that  the  effects  wotdd  be  of  the  same  general  character  as  here 
observed. 

Prof.  Ganz  quoted  some  figures  from  the  table  and  seemed  to 
convey  the  impression  that  they  are  misleading.  For  example, 
he  stated  that  the  table  shows  that  with  a  ten  minute  reversal  in 
the  case  of  lead  the  coefficient  of  corrosion  given  is  0.132,  and 
he  appeared  to  assume  that  this  is  intended  to  show  that  the  ratio 
of  the  corrosion  on  this  frequency  to  the  corrosion  on  direct 
current  would  be  0.132.  This  error  might  readily  creep  in  pro- 
vided the  authors  did  not  give  the  actual  corrosion  on  direct 
current,  but  since  this  is  given  and  shown  to  be  approximately 
0.25  I  do  not  see  how  any  one  could  be  misled  as  to  the  magni- 
tude of  the  reduction  in  corrosion  produced  by  the  reversals. 

Prof.  Ganz  also  suggested  that  in  view  of  the  fact  that  all  of 
the  experiments  described  in  the  paper  were  made  with  period- 
ically reversed  currents  in  which  the  algebraic  average  was  zero, 
that  it  would  be  desirable  to  make  additional  experiments  with 
unsymmetrical  alternating  currents  in  which  the  algebraic  aver- 
age is  riot  zero.  This  I  think  is  a  good  suggestion  and  I  hope  that 
it  may  be  possible  to  make  such  experiments  in  the  near  future. 

Mr.  Way  described  a  plan  which  he  expects  to  try  out  whereby 
he  hopes  to  utilize  the  principles  set  forth  in  the  paper  for  re- 
ducing electrolysis  troubles.  If  I  understand  his  plan  correctly, 
it  would  amount  to  superposing  on  a  unidirectional  current 
a  symmetrical  alternating  current  of  sufficient  magnitude  to 
reverse  periodically  the  polarity  of  the  pipe.  This  would  not 
have  the  effect  of  reducing  the  algebraic  average  of  the  ciurent, 
so  that  if  I  have  not  misunderstood  his  plan  1  do  not  see  how  it 
would  materially  reduce  electrolysis  troubles. 

Mr.  Chubb  suggests  that  possibly  the  positive  and  negative 
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half  waves  were  not  equal  and  that  this  may  in  part  account 
for  the  large  discrepancy  in  some  cases  between  the  corrosion 
of  the  odd  and  even  electrodes.  This  seems  very  unlikely  since 
great  care  was  taken  to  avoid  any  error  of  this  sort.  An  oscil- 
lographic record  carefully  analyzed  in  a  considerable  number 
of  cases  did  not  reveal  any  appreciable  unbalance. 

I  have  been  particularly  interested  in  the  results  presented 
by  Mr.  Spooner  as  they  were  made  under  different  conditions 
using  a  liquid  electrolyte  instead  of  soil,  but  nevertheless  the 
results  obtained  on  ingot  iron  are  substantially  in  accord  with 
the  results  presented  in  our  paper. 


^^<' 
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fflGH-VOLTAGE  D-C.  RAILWAY  PRACTISE 


BY  CLARENCE  RENSHAW 


Abstract  of  Paper 

During  the  past  10  years,  the  operation  of  electric  railways  at 
d-c.  voltages  of  1200  and  1500  has  become  common  and  higher 
voltages  have  been  shown  to  be  practicable.  The  paper  deals 
first  with  the  fundamental  differences  in  apparatus  for  1200  or 
1500  volts  as  compared  with  the  former  600- volt  standards  and 
indicates  the  apparent  tendency  of  general  practise  with  regard 
to  a  number  of  alternative  constructions  which  must  usually  be 
considered  in  each  specific  application  of  these  systems. 

Referring  then  to  the  use  of  higher  d-c.  voltages  which  is  just 
beginning,  it  points  out  the  tendency  to  reach  an  ultimate 
maximum  by  employing  a  multiplicity  of  voltages  differing  but 
slightly  from  each  other,  such  as  2400,  3000,  3600,  4200,  etc,  for 
successive  installations.  It  recommends,  in  order  to  avoid 
the  confusion  which  must  surely  result  from  this,  that  efforts  be 
made  to  establish  at  once  a  single  standard  for  high-voltage 
lines. 

The  paper  shows  that  final  standards  in  voltage  are  usually  fixed 
by  broad  economic  considerations  rather  than  oy  physical  limita- 
tions and  suggests  that  5000  volts  direct  current  would  offer  a 
very  satisfactory  voltage  for  such  a  standard  if  commercial  ap- 

Earatus  for  this  voltage  were  available.  Finally,  it  touches 
riefly  upon  the  operation  of  the  experimental  5000-volt  line 
at  Jackson,  Michigan,  whicfi  has  been  so  successful  as  to  give 
great  hope  that  the  system  will  be  commercially  developed. 


TEN  YEARS  ago,  the  idea  that  approximately  600  volts 
\vas  the  maximum  potential  to  be  hoped  for  in  the  opera- 
tion of  d-c.  railways  was  almost  as  firmly  established  as  was  the 
belief  in  the  days  of  Columbus  that  the  earth  was  flat.  On  a 
few  roads,  it  is  true,  650  or  even  700  volts  was  carried  at  the 
station  and  in  an  occasional  rare  instance,  the  use  of  a  booster 
gave  a  maximum  of  800  or  900  volts.  Drop  in  the  feeders, 
however,  usually  reduced  these  values  considerably  before  they 
reached  the  car,  so  that  these  instances  represented  merely  the 
generation  of  d-c.  power  at  voltages  above  the  nominal  -600 
rather  than  its  utilization  by  the  car  motors.  * 

Then  suddenly  the  plan  was  suggested  of  coupling  the  four 
600-volt  motors  ordinarily  employed  on  interurban  cars  in  pairs 
of  two  in  series  instead  of  two  in  parallel,  and  of  connecting  the 
generators  in  the  stations  in  a  similar  manner,  so  as  to  employ 
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1200  instead  of  600  volts.  Two  railways  then  tinder  construction 
were  willing  to  try  the  scheme,  and  although  there  were  some 
misgivings  as  to  whether  it  would  work  or  not,  it  did.  The 
entire  railway  industry  as  a  result  has  been  given  a  lesson  in 
open-mindedness  which  it  shotdd  not  soon  forget  and  the  use  of 
d-c.  voltages  of  from  1200  to  1500  for  the  operation  of  interurban 
railways  has  become  so  common  that  today  we  are  able  to  dis- 
cuss details  of  high- voltage  d-c.  practise. 

Motors 

Limiting  ourselves  for  the  time  being  to  voltages  of  1200  and 
1500  in  discussing  the  matter,  the  first  element  to  be  considered 
of  a  high-voltage  car  or  locomotive  equipment  is  of  course  the 
motor.  As  far  as  voltage  between  terminals  is  concerned,  the 
requirements  for  motors  to  operate  two  in  series  on  such 
voltages  differ  from  those  for  low- voltage  service  only  in 
the  fact  that  slipping  of  the  wheels  to  which  one  of  the  two 
motors  in  series  is  connected  may  interfere  with  the  normal 
voltage  distribution  between  them,  and  concentrate  a  large  part 
of  the  total  voltage  at  the  terminals  of  one  machine.  Fear  of 
this  contingency  at  first  led  to  the  design  of  motors  for  high- 
voltage  service  with  a  much  larger  number  of  commutator  bars 
than  for  corresponding  600- volt  service.  More  extended  experi- 
ence, however,  showed  that  such  precautions  were  unnecessary. 

Insulation  and  creeping  distances  on  motors  for  high-voltage 
service  must  of  course  be  made  suitable  for  the  full  potential. 
This  was  accomplished  at  first  by  *'  main  strength  and  awkward- 
ness,*' as  it  were,  and  the  limitations  imposed  by  the  extra  insula- 
tion, extra  creeping  distances  and  extra  conmiutator  bars  ordi- 
narily carried  with  them  a  considerable  sacrifice  in  capacity  when 
a  given  motor  was  wound  for  operating  two  in  series  on  1200 
volts  instead  of  two  in  parallel  on  600.  As  in  the  matter  of 
commutator  bars,  however,  wider  experience  gradually  over- 
came this  difficulty.  The  extra  insulation  required  for  1200- 
volt  operation  is  now  obtained  by  the  use  of  better  quality  rather 
than  greater  quantity  of  material,  and  the  extra  distances  by 
improved  shaping,  and  arrangement  of  parts.  Generally  speak- 
ing, therefore,  motors  are  produced  today  for  use  in  series  on 
1200  or  1500  volts  with  the  same  dimensions  and  weights  as  if 
made  for  use  on  only  600  or  750  volts. 

In  referring  to  motors  above.  I  have  spoken  as  if  the  coupling 
of  two  600-  or  750-volt  motors  in  series  was  the  only  arrange- 
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ment  ever  employed  for  utilizing  1200  or  1500  volts.  There 
have  been,  however,  one  or  two  instances  where  motors  have 
been  wound  directly  for  the  full  line  potential.  Speaking 
generally,  such  motors  are  heavier  and  depart  more  radically 
from  standard  low-voltage  designs  than  motors  for  operating 
two  in  series,  and  moreover,  they  do  not  lend  themselves  as  well 
to  the  operation  of  the  cars  partly  on  600  and  partly  on  1200 
volts,  which  is  so  often  required.  In  general,  therefore,  they  seem 
to  offer  no  particular  advantages  and  are  hence  but  little  em- 
ployed. 

High- voltage  d-c.  railway  practise,  therefore,  in  the  matter  of 
motors  may  be  said  to  consist  in  the  use  of  two  machines  in 
series,  these  being  identical  in  construction  with  standard 
motors  for  low- voltage  service  except  in  the  comparatively  minor 
details  of  quality  of  insulation^  and  length  of  creeping  distances. 

Control 

In  control  apparatus  for  high-voltage  d-c.  railway  equip- 
ments, the  fundamental  requirements  are  to  provide  sufficient 
circuit-opening  capacity  to  overcome  the  greater  tendency,  to 
**hang"  which  the  high-voltaCge  arcs  possess,  together  with  the 
necessary  means  to  confine  these  arcs  within  proper  bounds. 

The  first  result  was  secured  in  the  early  high-voltage  apparatus 
by  using  two  600-volt  switches  in  series  at  practically  every 
circuit-opening  point,  and  the  second  by  liberal  increases  in  the 
insulation  and  space  surrounding  all  live  parts.  Thus  our  first 
1200-  and  1500-volt  car  equipments  employed  13  pneumatically- 
operated  switches,  where  with  the  same  current  at  600  volts 
eight  would  have  been  sufficient.  The  groups  in  which  these 
switches  were  assembled,  also,  were  approximately  24  in.  (60.9 
cm.)  wide  and  24  in.  deep  as  compared  with  18  in.  (45.7  cm.) 
wide  and  22  in.  (55.8  cm.)  deep  for  the  corresponding  600-volt 
apparatus." 

As  with  the  motors,  however,  greater  experience  led  to  a 
reduction  of  these  differences  in  the  fundamental  parts.  Some 
of  the  extra  switches  in  the  first  equipments  came  into  play 
only  when  the  controller  was  **  backed  off  *'  from  parallel  to 
series,  and  by  improvements  in  interlocking  the  work  of  opening 
the  circuit  at  this  time  was  transferred  to  another  point  so  that 
these  extra  switches  could  be  omitted.  Another  switch  had 
been  employed  because  it  was  feared  that  the  high- voltage  motors 
might  require  more  careful  handling  and  hence  more  resistance 
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notches  than  standard  600-volt  motors.  It  was  found  later 
that  such  was  not  the  case  and  this  switch  also  was  omitted 
in  future  equipments.  In  these  ways,  in  the  types  of  equipment 
most  generally  employed,  the  additional  switches  necessary  on 
account  of  the  increased  voltage  have  now  been  cut  down  to  two 
for  small  equipments  or  three  for  large  ones.  In  dimensions 
also,  it  has  been  possible  to  work  out  designs  for  1200-volt 
switch  groups  with  the  same  cross- sectional  area  and  the  same 
weight  per  switch  as  those  for  600  volts. 

Auxiliary  Control  Devices,  The  introduction  of  the  new 
element  of  operating  at  double  voltage  has  greatly  increased 
the  number  of  possible  combinations  and  alternatives  which 
must  be  considered  in  any  given  case  in  order  that  they  may 
be  adopted  or  rejected. 

In  the  first  equipments  for  use  on  1200  volts,  it  was  con- 
sidered undesirable  to  attempt  to  employ  this  voltage  for  the 
auxihary  circuits  such  as  lights,  control,  air  compressor,  etc., 
and  so  a  d\'namotar  was  included  as  a  part  of  the  equipment  to ' 
provide  a  supply  of  (300-volt  current  for  such  purposes.  To 
reduce  the  capacity  required  of  the  dynamotor,  the  air-com- 
pressor motor  was  next  wound  for  ()])erating  at  full  line  potential, 
so  that  only  the  lighting  and  control  circuits  need  be  supplied 
at  GOO  volts.  Even  on  this  basis,  the  i)resence  of  the  dynamotor 
in  addition  to  the  air  compressor  seemud  unnecessarily  burden- 
some, so  that  the  next  stcj)  was  to  combine  the  two  machines 
in  a  dxnamotor  compressor.  In  this  device,  the  air  compressor, 
instead  of  being  drix'en  by  a  sei)aratc  motor,  as  previously,  is 
connected  to  or  disconnected  from  the  d\'namotor  when  re- 
quired by  a  suitable  clutch  controlled  by  the  pressure  governor. 
In  locomotives  or  other  equipments  where  forced  ventilation  is 
required,  the  operatitm  is  still  further  consolidated  by  mount- 
ing the  blower  fan  on  the  shaft  of  the  dynamotor  so  that  the 
same  machine  in  such  cases  serves  a  triple  purpose.  This 
offers  considerable  advantage  in  simi)lifying  equipments,  and 
the  scheme  c)f  driving  the  compressor  and  providing  600-volt 
current  for  the  auxiliary  circuits  from  the  same  machine  has 
become  firmly  established  in  high-voltage  practise. 

Where  eciuii)ments  are  to  be  mounted  on  cars  of  small  or 
moderate  size,  however,  even  this  arrangement  is  somewhat 
of  a  handica])  in  the  matter  of  cost  and  simj)licity  when  com- 
parison is  made  with  the  usual  OOO-volt  equipment  of  the  same 
capacity,  so  the  next  step  was  to  arrange  the  lighting  and  control 
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circuits  for  operation  directly  from  the  line  voltage.  With 
electropneumatically-operated  control,  this  was  readily  done 
and  on  such  a  basis,  1200-  or  1500-volt  equipments  have  been 
made  practically  as  simple,  reliable  and  easy  to  maintain  as 
those  for  operation  on  600  volts. 

As  the  art  now  stands,  these  two  general  arrangements  for 
handling  the  auxiliary  circuits  constitute  a  dual  standard  and 
one  of  the  first  decisions  to  be  made  in  planning  any  given 
installation  is  between  these  two  schemes. 

Operation  on  Two  Voliafi^es.  The  most  prolific  source  of 
vexatious  problems  is  the  use  of  equipments  part  of  the  time 
on  low  voltage  and  part  of  the  time  on  high.  As  far  as  the 
main-circuit  apparatus  is  concerned,  any  high-voltage  equip- 
ment will  of  course  run  on  half  voltage  with  a  corresponding 
reduction  in  speed.  In  order  that  such  operation  may  be  satis- 
factory, how^evcr,  special  arrangements  must  be  made  to  care 
for  the  auxiliary  circuits. 

Many  interurban  lines  operate  at  high  speeds  over  their  own 
rights-of-way  in  the  open  country  but  enter  one  or  more  towns 
over  the  tracks  of  local  600-volt  systems.  High  speed  in  the 
city  is  not  permissible  in  any  case  and  so  approximately  half 
of  the  normal  speed  when  running  on  600  volts  is  sufficient. 
For  cars  operating  under  such  circumstances,  it  is  common  to 
provide  for  reconnecting  the  lighting  and  control  circuits  so 
that  these  will  receive  full  voltage  when  the  car  is  in  the  600- 
volt  section  but  so  that  the  main  motors  will  remain  perma- 
nently coupled  in  series  and  thus  operate  at  half  speed. 

If  a  dynamotor  compressor  is  employed  on  cars  which  operate 
in  this  way,  the  same  changes  which  are  necessary  in  any  case 
to  care  for  the  lighting  and  control  circuits  automatically  care 
for  the  air  compressor  as  well,  connecting  this  for  full  speed 
on  both  voltages.  In  cases  where  approximately  half  speed 
on  low'  voltage  is  sufficient  for  the  main  motors,  however,  the 
distances  are  usually  short  and  half  sjieed  of  the  air  comi)ressor 
also  is  sufficient.  Where  cars  which  operate  in  this  way  employ 
a  high- voltage  compressor  instead  of  a  dynamotor  compressor, 
therefore,  no  change  is  ordinarily  necessary  in  its  circuits  for 
the  low- voltage  operation. 

Since  the  motors  on  high-voltage  cars  are  in  general  wound 
for  only  600  or  750  volts  each,  the  car  can  if  desired  be  arranged 
to  operate  at  full  speed  on  both  high  and  low  voltage.  Where 
this  is  required,  a  main  change-over  switch  is  employed  which 
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connects  the  motors  of  each  pair  either  in  series  for  high  volt- 
age or  in  parallel  for  low  voltage,  and  which  connects  the  two 
halves  of  each  step  of  the  main  resistance  in  a  corresponding 
way.  Suitable  connections  for  air  compressor,  lights  and  con- 
trol circuits  can  also  be  included  in  the  same  switch  so  that  the 
setting  of  a  single  piece  of  apparatus  into  one  or  the  other  of 
two  positions  changes  the  car  at  once  for  use  on  high  voltage 
or  on  low  voltage. 

When  the  proper  scheme  of  operation  on  the  two  voltages 
has  been  decided,  the  next  point  to  determine  is  the  manner  in 
which  the  change-over  should  be  effected.  The  simplest  method 
in  either  case  of  course  is  the  use  of  a  manually-operated  switch 
on  each  car.  It  is  sometimes  desirable,  however,  to  have  the 
change-over  switch  located  beneath  the  car  and  arranged  for 
operation  from  the  platform.  In  other  cases,  it  is  desirable  to 
have  the  switches  arranged  not  only  for  distant  control  in  this 
way  but  also  for  simultaneous  operation  throughout  a  train 
of  cars. 

To  supplement  the  apparatus  for  changing  connections  on 
equipments  so  that  they  may  be  operated  on  either  high  or 
low  voltage,  protective  devices  are  somotinies  desired  to  pre- 
vent or  minimize  the  trouble  which  may  occur  in  case  a  car  is 
subjected  to  high-voltage  when  its  change-over  switch  is  ar- 
ranged in  the  low- voltage  position.  Such  devices  ordinarily 
consist  of  relays  of  some  form  which  are  so  connected,  when 
the  change-over  switch  is  in  the  low-voltage  position,  that  they 
act  quickly  in  case  a  voltage  in  excess  of  the  normal  is  applied 
to  the  car,  and  cut  off  the  circuits  which  are  likely  to  be  damaged. 

The  choice  between  automatic  and  non-automatic  acceleration 
is  not  influenced  particularly  by  the  use  of  high  voltages  except 
that  such  voltages  are  more  often  employed  for  interurban 
lines  where  non-automatic  acceleration  is  ordinarily  considered 
preferable.  The  necessity  for  running  on  both  600  and  1200 
volts  in  many  cases  also  usually  introduces  certain  complica- 
tions in  high-voltage  equipments  and  there  is  a  tendency  to 
adhere  to  non-automatic  control  so  that  the  simplicity  of  this 
will,  as  far  as  possible,  offset  the  various  complications  which 
must  be  retained. 

The  use  of  field  control  or  non-field  control  also  is  not  par- 
ticularly affected  by  the  emplojrment  of  high  voltages  except 
as  influenced  by  the  same  general  idea  mentioned  above  with 
regard  to  the  choice  in  the  type  of  acceleration.     For  the  sake 
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of  simplicity,  there  is  a  tendency  to  adhere  to  non-field  control 
to  offset  unavoidable  complications  at  other  points. 

Alternatives  in  Control  Apparatus.  It  will  be  seen  from  the 
above  that  even  with  common  practise  in  high-voltage  equip- 
ment fairly  well  standardized,  a  host  of  alternatives  usually 
present  themselves  for  settlement  in  almost  every  case.  The 
most  common  questions  are — should  the  voltage  be  1200  or 
1500;  should  the  equipment  be  of  the  dynamotor  compressor 
or  of  the  non-dynamo  tor  type;  will  it  have  to  operate  on  high 
voltage  only  or  on  both  high  and  low  voltage;  if  required  to 
operate  on  low  voltage  as  well  as  high,  will  half  speed  be  suf- 
ficient on  main  and  compressor  motors  or  will  full  speed  on 
both  voltages  be  necessary;  must  the  change-over  switch  be 
arranged  for  indirect  control  or  will  manual  operation  be  suf- 
ficient; if  indirect  control  is  required,  can  it  be  confined  to  the 
individual  cars  or  will  simultaneous  operation  throughout  the 
train  be  required;  is  a  protective  device  essential  to  guard 
against  damage  by  the  application  of  the  wrong  voltage  or 
will  this  not  be  required?  Other  similar  questions  might  be 
added  to  the  list  but  these  are  the  most  important  ones. 

Most  of  these  matters  are  largely  influenced  by  the  individuals 
who  control  the  local  situation,  so  that  it  is  difficult  to  gener- 
alize with  any  degree  of  accuracy.  As  far  as  I  can  judge,  how- 
ever, current  practise  seems  to  be  tending  in  the  following 
directions. 

Where  the  high-voltage  cars  must  run  over  existing  600-volt 
lines  to  any  considerable  extent,  the  exact  ratio  between  600 
and  1200  volts  offers  some  advantages.  Since  high-voltage 
motors  are  made  from  existing  standards  also,  there  is  a  wider 
range  of  choice  for  1200-volt  operation  than  there  is  for  1500 
volts,  especially  where  small  sizes  of  motors  are  required. 
So  far,  1500  volts  has  been  used  in  sections  where  600-volt 
lines  have  been  established  only  to  a  limited  extent,  that  is, 
in  comparatively  virgin  territory,  while  1200  volts  has  been 
employed  in  sections  where  there  has  already  been  considerable 
600-volt  development.  It  seems  probable  that  high-voltage 
practise  will  continue  to  follow  these  lines  except  in  the  case 
of  the  electrification  of  branch  lines  on  steam  railroads  or 
similar  instances  where  connections  with  existing  lines  will  have 
little  bearing. 

Speaking  broadly,  the  general  tendency  is  toward  the  use 
of  the  dynamotor  compressor  on  large  expensive  cars,  particularly 
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where  full  speed  is  required  on  half  voltage,  since  this  arrange- 
ment lends  itself  readily  to  such  operation.  Dynamotor  com- 
pressors also  are  particularly  suitable  for  locomotives  where 
forced  ventilation  is  utilized.  For  smaller  and  less  expensive 
rolling  ^tock,  non-dynamotor  outfits  are  generally  employed, 
although  there  is  and  always  will  be  a  certain  amount  of  over- 
lapping. 

In  the  older  sections  of  the  country  where  distances  of  four 
or  five  miles  must  sometimes  be  run  on  city  tracks,  and  where 
through  cars  over  600-volt  lines  are  likely  to  be  employed, 
equipments  are  usually  required  to  operate  at  full  speed  on 
half  voltage.  Equipments  for  operating  at  half  speed  under 
these  circimistances,  however,  offer  considerable  advantage  in 
weight,  cost  and  general  simplicity  and  will  undoubtedly  find 
a  considerable  field  where  circimistances  are  favorable  to  their 
use. 

Where  large  cars  are  arranged  for  full  speed  on  both  voltages, 
the  tendency  is  toward  the  use  of  full  speed  for  the  air  com- 
pressor also.  On  smaller  cars  where  as  a  rule  the  compressor 
has  more  margin,  half  speed  of  this  device  is  ordinarily  thought 
sufficient  even  where  the  main  motors  operate  at  full  speed. 

In  the  matter  of  change-over  switches,  the  general  tendency 
is  to  employ  the  simple  manually-operated  type  except  where 
cars  are  operated  at  close  headway  or  are  constantly  used  in 
trains.  In  most  cases,  also  devices  to  protect  against  the  wrong 
voltage  are  not  considered  necessary. 

Equipments  with  Drum  Control.  I  have  spoken  in  all  of 
the  above  with  particular  reference  to  equipments  using  in- 
direct or  multiple  unit  types  of  control  and  primarily  with 
reference  to  those  using  electropneumatic  control.  While  high- 
voltage  equipments  are  occasionally  used  with  drum-type  con- 
trollers, especially  double  equipments  with*  rheostatic  control 
where  cars  for  city  service  are  operated  in  small  towns  by  in- 
terurban  companies,  the  number  of  these  is  too  small  to  warrant 
inclusion  in  any  generalization  such  as  that  with  which  we  have 
been  dealing. 

Power  Supply 

Direct-current  power  for  high-voltage  lines  was  first  obtained 
by  the  use  of  two  600-volt  generators,  either  engine-  or  motor- 
driven,  connected  in  series.  Since  there  was  no  particular 
object  in  retaining  two  generators  in  series  such  as  there  was 
for  retaining  two  motors  in  series  on  the  cars,  generators  for 
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delivering  1200  or  1500  volts  directly  were  soon  produced. 
At  first  these  were  of  the  ordinary  commutating-pole  type. 
Such  machines  now,  however,  usually  employ  a  compensating 
winding  as  well  as  commutating  poles. 

The  next  step  in  the  production  of  high- voltage  d-c.  power  was 
the  use  of  two  600-volt,  26-cycle  synchronous  converters  con- 
nected in  series,  and  while  this  was  considered  a  radical  step  at 
the  time  it  was  first  proposed,  the  performance  obtained  was  so 
satisfactory  that  single  25-cycle  converters  producing  1200  or 
1500  volts  on  one  commutator  have  now  been  developed  and 
are  in  successful  use.  With  60  cycles,  the  maximum  voltage  so 
far  employed  from  a  single  machine  is  750  so  that  two  machines 
in  series  are  still  required  for  high-voltage  lines.  The  perform- 
ance on  this  basis,  however,  is  most  excellent. 

Common  substation  practise  for  high-voltage  d-c.  lines  is  now 
to  employ  single  synchronous  converters  where  power  at  25- 
cycles  is  available,  and  to  use  either  motor-generator  sets  or  two 
converters  in  series,  where  60-cycle  power  is  employed.  A 
particularly  efficient  substation  arrangement  on  the  latter  basis 
is  secured  by  installing  three  synchronous  converters  so  arranged 
that  any  two  of  them  may  be  connected  in  series.  This  gives  a 
spare  machine  at  a  minimum  expense.  If  a  single  bank  of  three 
transformers  is  used  for  supplying  these  converters,  a  spare 
transformer  as  well  as  a  spare  converter  is  also  secured,  so  that 
the  station  is  prepared  for  almost  any  emergency. 

Switching 
In  the  matter  of  switching,  the  principal  changes  which  have 
been  made  in  handling  current  at  1200  or  1500  volts  instead  of 
at  600  volts  have  been  for  the  purpose  of  insuring  safety  to  the 
operators  rather  than  for  any  other  reasons.  For  this  purpose, 
switchboard  panels  have  been  made  higher  than  for  600-volt 
service  and  the  circuit  breakers  located  on  them  so  as  to  be  out 
of  direct  reach.  For  opening  and  closing  the  breakers,  long 
wooden  rods  leading  to  insulated  handles  on  the  lower  part  of 
the  panel,  are  provided.  Where  two  or  more  breakers  are 
located  side  by  side,  large  barriers  are  placed  between  them  to 
prevent  any  tendency  to  flash  across.  Knife  switches  have  also 
been  located  out  of  reach  in  a  manner  similar  to  the  circuit 
breakers  and  arranged  with  rods  for  distant  control. 
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Line  Construction 

The  first  1200- volt  lines  employed  direct-suspension  overhead 
trolley  with  a  special  form  of  porcelain  insulators.  The  catenary 
form  of  construction  offers  so  many  advantages  for  such  lines, 
however,  that  generally  speaking,  the  most  common  practise 
is  now  to  employ  tWs.  Several  interurban  lines  are  using  1200- 
volt  third  rail  successfully  for  supplying  power  but  the  voltage 
surges  to  which  this  may  give  rise  under  certain  circumstances, 
the  diflSculty  of  clearing  a  car  in  case  of  accident  and  the  general 
safety  hazard  incident  to  the  maintenance  of  a  live  conductor  so 
close  to  the  ground  seem  likely  to  limit  the  use  of  this  form  of 
construction. 

A  growing  practise  on  high- voltage  systems  is  that  of  carrying 
the  feeders  for  a  considerable  distance  from  the  station  before 
tapping  in  to  the  trolley  so  as  to  limit  the  possible  current  flow 
in  case  of  trouble  of  any  kind  on  the  cars.  With  the  excellent 
voltage  conditions  which  can  so  easily  be  secured  on  high- 
voltage  lines,  the  slight  sacrifice  which  need  be  made  for  the  sake 
of  protecting  the  substation  apparatus  in  this  way  can  usually 
be  well  afforded. 

Economic  Significance 

In  studying  the  development  of  1200-  and  1500- volt  practise, 
the  fundamental  point  which  appeals  to  me  is  the  ease,  success 
and  speed  with  which  so  radical  a  departure  from  previous  prac- 
tise has  been  carried  out.  In  most  developments  of  so  far- 
reaching  a  nature,  many  sources  of  difficulty  are  usually  over- 
looked at  first  and  must  be  cared  for  in  later  apparatus  at  in- 
creased expense.  In  the  high-voltage  d-c.  railway  system,  how- 
ever, just  the  opposite  has  apparently  happened.  Many  of  the 
possible  di£Sculties  seem  to  have  been  over-estimated  in  import- 
ance and  much  of  the  trouble  anticipated  has  failed  to  appear. 
It  has  therefore  been  possible  to  gradually  simplify  and  cheapen 
the  various  fundamental  parts  which  go  to  make  up  the  system 
instead  of  having  to  follow  the  opposite  and  more  usual  procedure. 

It  is  difficult  to  say  whether  this  exceedingly  gratif\dng  condi- 
tion was  due  to  the  more  advanced  engineering  ability  of  the 
times,  to  the  inherent  simplicity  of  the  d-c.  railway  apparattis, 
to  the  very  excellent  state  which  such  apparatus  for  600-volts 
had  reached  before  its  extension  to  higher  voltages  was  attempted, 
or  to  the  fact  that  the  jiunp  to  1200  or  1500  volts,  while  seemingly 
radical,  really  subjected  the  apparatus  to  conditions  differing 
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comparatively  little  from  those  met  with  in  600-volt  practise. 
Whatever  the  cause  may  have  been,  however,  the  result  remains 
as  a  remarkable  tribute  to  those  who  shared  in  its  accomplish- 
ment. 

The  general  restilts  of  the  high-voltage  d-c.  system  have  been 
to  make  possible  the  construction  of  interurban  lines  or  the 
electrification  of  branch  steam  railroad  lines  at  considerably 
less  expense  for  a  given  grade  of  construction  than  with  600 
volts,  or  to  render  possible  for  a  given  expenditure  the  construc- 
tion of  lines  capable  of  handling  much  heavier  traffic.  The 
usual  practise  has  apparently  been  a  compromise  between  these 
two  possibilities,  which  has  served  to  finally  transfer  the  electric 
line  from  the  street  car  to  the  real  railroad  class  as  far  as  transpor- 
tation possibilities  are  concerned,  while  still  maintaining  the 
relationship  and  similarity  with  reference  to  the  simplicity  and 
reliability  of  the  apparatus.  With  practically  no  greater  ex- 
penditure for  substations  and  feeders  than  the  usual  600-volt 
trolley  line,  such  roads  are  able  to  employ  freight  or  passenger 
trains  after  the  manner  of  steam  lines  in  accordance  with  the  needs 
of  their  business  instead  of  having  to  restrict  them  on  account  of 
limitations  in  the  distribution  of  power. 

2400  AND  3000  Volts 

The  comparative  ease  with  which  the  use  of  1200-  and  1500- 
volt  direct  current  was  transferred  from  the  realms  of  un- 
certainty to  the  list  of  every-day  standards  soon  suggested  the 
employment  of  still  higher  voltages.  Inasmuch  as  the  1200- volt 
system  had  been  brought  about  by  the  use  of  two  600-volt 
motors  in  series  and  as  a  few  motors  wound  directly  for  this 
voltage  had  been  produced  with  no  particular  difficulty,  the 
obvious  procediu'e  was  to  continue  the  geometric  progression 
and  connect  1200- volt  motors  and  generators  in  series  so  as 
to  operate  at  2400  volts. 

From  a  technical  standpoint,  there  was  apparently  no  par- 
ticular difficulty  in  doing  this,  and  one  line  installed  on  this 
basis  has  had  a  remarkably  successful  record.  From  a  general 
standpoint,  however,  while  the  results  have  been  welcome  as 
a  contribution  to  the  development  of  the  art,  suitable  applica- 
tions for  this  particular  voltage  are  apparently  somewhat  lack- 
ing. For  trolley  roads  of  the  usual  interurban  class,  it  has 
the  inherent  disadvantage  of  requiring  apparatus  which  de- 
parts too  widely  from  the  existing  standards  with  which  the 
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operating  forces  have  become  familiar,  as  well  as  of  not  lending 
itself  to  interchangeable  operation  over  600- volt  lines.  For 
heavy  traction,  on  the  other  hand,  this  voltage  is  much  too 
low  to  solve  the  problem  in  a  sufficiently  comprehensive  way 
to  attract  the  investment  of  capital  in  electrification.  Even 
3000  volts,  while  overcoming  the  latter  disadvantage  to  some 
extent,  does  not  do  so  completely.  It  is  regrettable  also  that 
both  2400  and  3000  volts  have  been  employed  and  that  in  carry- 
ing on  the  upward  progress  in  d-c.  voltages,  1500- volt  apparatus 
was  not  used  at  once  for  coupling  in  series,  for  carrying  on  the 
geometric  progression,  without  the  intermediate  2400-volt  step. 

Ultimate  Limits  of  D-C.  Voltage 
The  general  limits  upon  which  standard  practise  in  any 
industry  ordinarily  settles  are  usually  fixed  by  broad  economic 
considerations  rather  than  by  physical  limitations.  It  is  en- 
tirely possible  for  instance  to  operate  trains  at  maximiun  speeds 
of  90  miles  per  hour  or  more,  yet  the  maximum  ordinarily  at- 
tained is  from  60  to  80  miles  per  hour.  Physically  speaking, 
also,  interurban  cars  can  be  run  at  speeds  similar  to  these,  yet 
the  general  average  on  such  roads  is  from  50  to  60  miles  per 
hour.  These  values  have  been  established  by  gradual  increases 
from  lower  ones  until  without  any  conscious  effort,  standard- 
ization has  been  automatically  secured. 

In  the  voltages  which  may  be  employed  with  the  d-c.  rail- 
way system,  there  is  some  tendency  toward  this  same  procedure. 
If  no  efforts  were  made  to  the  contrary,  it  is  not  imprdbable 
that  starting  from  the  voltage  of  3000,  which  we  have  today  on 
the  Chicago,  Milwaukee  &  St.  Paul,  we  would  next  hear  of  the 
employment  of  3600  volts,  then  possibly  4200  volts  and  so 
on  up  in  corresponding  steps.  Sooner  or  later,  however,  a 
point  would  be  reached  where,  by  common  consent,  these  in- 
creases would  stop,  just  as  this  has  happened  in  the  matter  of 
speed. 

While  in  a  way,  such  a  procedure  would  be  the  conservative 
and  natural  way  for  progress  to  come  about  in  the  use  of  higher 
d-c.  voltages,  its  disadvantages  are  too  obvious  to  require 
mention.  The  apparently  more  radical  plan  of  trying  to  select 
in  advance  the  voltage  at  which  such  increases  would  naturally 
stop  and  of  going  at  once  to  this  voltage  would  hence  seem  to 
be  the  more  rational  and  really  the  more  conservative  as  far 
as  the  general  good  of  the  industry  is  concerned.     It  has  been 
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with  this  idea  in  view  that  our  efforts  toward  the  use  of  direct 
current  at  5000  volts  are  being  put  forth.  With  practical 
apparatus  for  this  voltage  available,  the  problems  of  distrib- 
uting and  collecting  the  necessary  power  for  the  largest  loco- 
motives likely  to  be  required  can  be  readily  solved  so  that 
although  further  increases  might  be  possible,  they  should  be 
entirely  unnecessary. 

Operation  of  5000- Volt  Equipment 

The  general  construction  of  the  5000-volt  experimental 
equipment  on  the  Grass  Lake  line  of  the  Michigan  United  Trac- 
tion Co.  and  the  results  of  its  first  few  months'  operation  have 
been  so  widely  covered  by  the  technical  press  that  it  is  un- 
necessary to  refer  further  to  them  except  to  say  that  the  equip- 
ment is  still  in  operation  on  the  same  successful  basis,  and 
that  at  the  time  this  is  written,  it  has  run  a  little  over  30,000 
miles.  During  the  five  months  from  October  1st  to  March  1st, 
the  car  averaged  5295  miles  per  month  on  a  schedule  which 
allows  only  15  miles  per  hour  and  its  record  would  have  been 
even  greater  than  this  had  it  not  been  for  numerous  mechanical 
difficulties  with  the  trucks,  wheels,  brake  rigging,  stove,  pilots 
and  other  mechanical  parts  of  the  car  for  which  the  equip- 
ment was  in  no  way  responsible.  During  the  four  months 
of  November,  December,  January  and  February,  which,  on  ac- 
count of  weather  conditions,  are  ordinarily  considered  the  worst 
in  the  year,  the  car  ran  23,320  miles  or  an  average  of  5830  per 
month. 

During  this  period  the  car  operated  through  severe  snow, 
sleet  and  rain  storms  and  for  a  short  period  even  ran  with  two 
of  the  commutator  covers  missing,  these  having  been  lost  on 
the  road.  The  motors  and  control  were  purposely  allowed  to 
go  with  a  minimum  of  cleaning  and  other  care,  and  various  re- 
ports sent  in  by  the  men  in  charge  refer  to  the  presence  of  wheel 
wash,  dirt  and  other  obnoxious  substances  in  the  motors  and 
switch  groups,  although  no  damage  was  caused  by  them. 

A  half-dozen  or  so  failures  have  occurred  during  the  winter 
but  these  have  been  mostly  in  the  nature  of  broken  motor  leads 
or  similar  troubles  which  served  merely  to  test  the  practicability 
of  the  use  of  such  a  voltage  imder  the  general  rough  conditions 
to  which  car  equipments  are  subjected  rather  than  to  indicate 
any  inherent  weakness.  These  troubles  showed  that  this 
equipment  could  as  easily  withstand  such  ordinary  mishaps 
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as  any  equipment  for  600  volts.  Only  two  of  the  failures  were 
in  any  way  due  to  the  use  of  5000  volts  and  these  consisted  of 
grounds  on  the  grid  resistance  which  took  place  through  the 
water-soaked  flame-proof  covering  on  certain  of  the  leads  where 
the  cables  had  not  been  properly  insulated  and  supported. 
Such  troubles  can  be  easily  guarded  against  on  new  equipments. 

While  as  yet  only  the  one  equipment  now  in  experimental 
operation  has  been  built,  various  designs  of  other  sizes  have 
been  considered  and  with  the  special  double-armature  type  of 
motor  and  double- jaw  type  of  switch  which  have  made  this 
equipment  possible,  unusual  flexibility  in  meeting  a  wide  range 
of  conditions  can  apparently  be  obtained. 

In  most  of  the  considerations  of  the  use  of  d-c.  voltages  of 
2400  and  3000,  there  has  always  been  a  certain  minimum  size 
of  motor  which  could  be  economically  produced  and  this  size 
has  been  undesirably  large  for  certain  classes  of  service.  With 
the  special  double-armature  type  of  motor  for  5000-volt  equip- 
ments, however,  the  experimental  equipment  already  in  use 
is  about  as  small  as  would  ordinarily  be  required,  although  even 
this  is  apparently  not  the  minimum  limit.  On  the  other  hand, 
the  design  seems  equally  adaptable  to  large  sizes. 

Conclusion 
Broadly  viewing  the  high-voltage  d-c.  practise  which  we 
find  today,  and  its  significance  to  the  industry,  there  are  four 
ideas  which  appeal  particularly  to  me.  The  pernicious  flexi- 
bility of  the  1200-  and  1500- volt  systems  and  the  inntunerable 
alternatives  which  they  present  for  application  to  any  definite 
case  in  interurban  work,  seem  to  give  timely  warning  of  the 
great  desirability  of  early  standardization  in  the  matter  of  higher 
d-c.  voltages.  The  comparative  ease  with  which  apparatus 
for  these  voltages  has  been  developed  gives  a  most  encouraging 
feeling  for  further  development  along  the  same  lines.  The 
possibilities  which  a  d-c.  system  at  5000  volts  would  offer  were 
the  apparatus  commercially  available  make  this  voltage  seem 
a  logical  one  and  the  results  obtained  with  the  experimental 
equipment  now  in  operation  give  great  hope  that  this  voltage 
may  some  day  be  established  commercially  as  a  standard  of 
high-voltage  d-c.  railway  practise. 
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Discussion    on    "High-Voltage    D-C.    Railway    Practise 
(Renshaw).  New  York,  April  14, 1916 

Frank  J.  Sprague:*  Mr.  Renshaw  states  that  ten  years  ago 
the  idea  of  approximately  600  volts  as  the  maximiim  poten- 
tial to  be  hoped  for  in  d-c.  railway  operation  was  firmly  es- 
tablished. I  can  claim  that  some  engineers  at  least  were  not 
deluded  with  this  conviction. 

In  the  early  days  of  stationary  motor  development  I  had 
built  some  special  machines  to  operate  normally  at  from  600 
to  600  volts  but  which  in  the  exigencies  of  service  had  been 
boosted  to  about  1000  volts;  arid  on  the  34th  Street  branch  of 
the  Manhattan  Elevated  in  the  latter  half  of  1886,  where  a 
number  of  the  primary  features  of  the  modem  electric  railway 
were  tried  out,  I  operated  at  600  volts  from  a  third  rail. 

When,  a  year  later,  I  took  the  contract  for  the  pioneer  trolley 
roads  at  Richmond  and  St.  Joseph,  I  adopted  a  somewhat  lower 
potential,  450  to  500  volts,  which  pressure  and  system  were, 
however,  even  then  regarded  as  extreme.  This  standard  was 
gradually  raised,  however,  to  about  600  volts,  and  remained 
there  for  practically  twenty  years. 

In  February,  1890,  at  the  Kansas  City  Electric  Light  Con- 
vention I  stated,  as  follows: 

"As  regards  the  potential,  other  things  being  satisfactory,  whatever 
pressure  is  demanded  in  the  interests  of  economical  and  effective  service 
will  be  used;  and  means  will  be  found,  consisting  mainly  in  care  of  con- 
struction, which  will  make  its  use  for  the  purpose,  and  as  intended,  safe 
and  proper.  We  have  in  these  matters  to  face  the  same  questions  as  we 
have  in  the  matter  of  steam  pressure  or  of  railway  speed.  To  accomplish 
the  larger  engineering  feats  necessary  to  meet  the  demands  of  economy 
and  commerce  we  will  be  governed  more  by  the  belief  in  our  power  to 
fully  subordinate  a  good  servant  to  our  will  than  by  our  fears  of  its  vagaries 
when  allowed  to  become  a  master." 

In  my  inaugural  address  as  President  of  this  Institute  at  the 
Chicago  Meeting,  June  18,  1892,  I  pointed  out  that  we  were 
at  that  time,if  using  d-c.  motors, practically  limited  to  a  difference 
of  potential  of  from  1000  to  1200  volts,  and  that  to  go  above 
that  limit  it  would  probably  be  necessary  to  put  motors  in  series 
as  I  had  sometime  before  proposed  for  long  distance  power 
transmission. 

In  March  of  1904,  in  an  article  in  the  Electric  World  and 
Engineer,  I  said : 

"While  d-c.  motors  may  always  be  somewhat  at  a  disadvantage  in  the 
matter  of  individual  potential,  when  there  is  a  plurality  of  motors,  as  in 
the  large  locomotive,  it  is  quite  possible  on  a  d-c.  system  to  work  up  to 
1700  or  even  2000  volts  on  a  single  trolley  line,  maintaining  a  maximum  as 
inregular  useon  the  Berlin  Elevated,  of  from850to  1000  volts  onindividual 
motors;  and  if  a  three- wire  system  be  used  it  is  quite  possible  to  make 
use  of  a  maximum  trolley  potential  of  nearly  4000  volts." 

•Abstract  of  discussion  published  in  August,  1916,  Proceedings. 
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On  the  introduction  of  the  interpole  in  stationary  motor  con- 
struction, I  recognized  the  benefits  of  this  construction  for  rail- 
way motors  and  advocated  its  adoption,  pointing  out  that  it 
would  make  possible  an  immediate  increase  in  potential  for 
direct-current  railway  work  from  1200  to  2400  volts,  without 
question. 

In  1906  I  urged  upon  the  engineers  of  the  Washington,  Balti- 
more and  Annapolis  line  the  adoption  of  1200-volt  d-c.  oper- 
ation, and  in  the  fall  of  the  same  year,  I  recommended  to  the 
consulting  engineer  of  the  Central  California  Traction  Company 
the  use  of  a  1200-volt  d-c.  third  rail.  My  recommendation 
was  adopted  and  the  installation,  the  first  of  the  kind,  went 
ahead  on  this  basis. 

A  month  later  I  discussed  quite  fully  the  details  of  the  1200- 
volt  operation  with  the  consulting  engineer  of  the  Southern 
Pacific  Railway  Company,  and  recommended  this  potential  for 
the  Oakland  suburban  lines  of  the  Southern  Pacific  system. 

In  a  discussion  before  the  American  Institute  of  Civil  Engi- 
neers in  Nov.,  1906, 1  called  attention  to  the  fact  that,  comparing 
the  condition  of  the  art  then  and  a  couple  of  years  earlier,  three 
important  and  radical  developments  had  taken  place  in  d-c. 
motor  construction,  the  first  of  which  was  the  use  of  the  com- 
mutating  poles,  which,  with  additional  facilities  in  control,  made 
perfectly  possible  the  construction  of  d-c.  motors  at  from  1200  to 
1500  volts,  with  the  further  possibility  of  operating  two  in  series 
at  double  potential. 

The  remarkable  departure  in  the  construction  of  the  New 
York  Central  gearless  locomotives,  in  which  the  hitherto  in- 
variable practise  of  maintaining  the  fixity  of  relation  between 
the  armature  and  the  field  magnet  has  been  abandoned,  gave  me 
occasion  to  point  out  that  this  machine  was  a  natural  1200-volt 
machine  without  commutating  poles. 

In  1906,  after  a  personal  inspection  of  the  Sacramento  Di- 
vision of  the  Southern  Pacific  Railroad,  I  recommended  an  elec- 
trical equipment  operated  with  an  initial  potential  of  1500  volts 
at  the  substation  third-rail  junction,  and  described  the  pos- 
sibilities of  electrical  braking,  both  direct  and  regenerative, 
through  the  use  of  independently  excited  fields  as  now  used 
on  the  Chicago,  Milwaukee  and  St.  Paul  equipment. 

In  my  early  experiments  on  the  Manhattan  Elevated  in  1886, 
I  used,  for  the  field  as  well  as  armature,  rheostatic  control  for 
speed  variations.  I  described  a  plan  of  regenerative  as  well  as 
direct  electrical  braking  before  the  Boston  Society  of  Arts  in 
1885. 

In  the  London  Times  and  Engineering  Supplement  of  April 
10th,  1907,  Mr.  H.  M.  Hobart  made  a  curiously  exact  prophecy, 
as  follows: 

"My  opinion  is  that  within  ten  years,  continuous-current  systems  as 
applied  to  railway  electrification  will  employ  line  pressure  more  of  the 
nature  of  2000  or  3000  volts,  and  these  systems  will,  in  all  probability, 
have  come  into  extended  use." 
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This  is  the  year  1916.  For  practically  twenty  years  the  poten- 
tial for  d-c.  railways  remained  unchanged  at  600  volts.  In  ten 
years  it  has  jtimped  to  3000  volts  on  the  Chicago,  Milwaukee 
and  St.  Paul  Railway,  one  of  the  typically  most  difficult,  and 
embracing  in  its  437  miles  of  line  mor^  route  mileage  than  all 
the  trunk  line  electrifications  in  the  world.  The  11, 000- volt 
15-cycle  system  is  non-existent  in  this  country,  and  not  a 
new  single- phase  railway  motor  is  now  installed  here  except  on 
the  few  systems  remaining. 

William  J.  Davis,  Jr.:  I  do  not  think  the  Southern  Pacific 
electrification  presents  any  new  problems  at  all.  The  discussion 
to-night  seems  to  be  along  the  lines  of  increases  in  voltage  far 
beyond  those  used  on  the  Southern  Pacific.  The  Southern 
Pacific  electrification  has  been  in  operation  about  seven  years, 
and  the  success  of  the  installation  has  been  very  marked. 

As  regards  the  tendency  to  higher  voltages,  it  would  appear 
that  the  proper  voltage  to  be  chosen  for  a  given  installation 
would  depend  upon  the  maximtmi  tonnage  to  be  hauled  and 
limitations  as  to  speed.  The  tonnage  capacity  of  a  system  is 
dependent,  we  may  say,  upon  the  ntunber  of  tracks  that  are 
in  service.  In  a  single-track  road,  if  heavy  tonnages  are  to  be 
handled,  it  will  be  necessary  to  adopt  higher  voltages  than  would 
be  necessary  for  a  road  having  sidficient  traffic  to  require  two 
or  three  or  possibly  four  tracks.  In  the  case  of  a  four-track 
road,  all  the  tracks  being  in  multiple,  the  drop  in  volt^ige  in  the 
track  is  greatly  reduced,  and  we  also  obtain  the  advantage  of 
the  copper  trolley  wire  or  third  rail  for  all  four  tracks  in  multiple, 
so  that  even  when  locomotives  of  very  large  powers  are  used, 
say  3000  or  4000  horse  power  it  will  be  found  in  so  far  as  the 
distribution  system  is  concerned,  that  a  moderate  voltage, 
possibly  1200  or  1500,  would  prove  as  effective  in  handling  the 
traffic  as  wotild  3000  volts,  or  more,  in  the  case  of  a  single-track 
or  double-track  road. 

In  a  reduced  number  of  tracks,  some  economy  is  gained  in 
going  to  higher  voltages,  but  the  exact  and  most  desirable 
voltage  would  depend  not  only  on  the  saving  in  the  amount  of 
copper,  but  also  on  the  load  factor  oa  the  substations  and  the 
cost  and  number  of  locomotives  required  to  handle  the  traffic. 

In  a  single-track  freight  road,  it  will  be  found  that  upon  the 
basis  of  the  weight  of  trains  now  in  use,  very  little  improvement 
in  load  factor  is  secured  if  the  substations  are  placed  more  than 
thirty  or  thirty-five  miles  apart.  With  this  spacing,  the  copper 
required  for  delivering  3000  or  4000  horse  power  to  a  train  is 
not  at  all  excessive  at  3000  volts,  and  is  fixed  almost  as  much  by 
mechanical  reasons  and  current  carrying  capacity  as  by  the 
desire  to  secure  a  low  drop  in  voltage. 

Substation  capacity  also  as  applying  to  the  whole  system  is 
not  materially  reduced,  for  the  reason  that  the  synchronous 
converters  and  motor  generator  sets  are  usually  designed  to 
stand  three  times  normal  load  for  a  short  time,  and  so  long  as 
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at  least  33  per  cent  load-factor  is  secured  there  will  be  no  saving 
in  the  total  amount  of  substation  apparatus. 

The  whole  problem,  therefore,  appears  to  be  narrowed  down 
to  the  question  as  to  the  number  of  locomotives  required  on  a 
given  division  and  their  cost.  As  a  general  rule,  the  cost  of  the 
locomotives  required  for  handling  the  traffic  of  a  single-track 
road  will  amount  to  about  one-third  of  the  total  cost  of  the 
electrification.  If,  therefore,  there  is  a  material  increase  in  the 
cost  of  a  5000-volt  locomotive  as  compared  with  one  for  3000 
volts,  this  increase  in  cost  may  prove  the  determining  factor. 
In  the  case  of  the  Milwaukee  electrification,  forty-two  loco- 
motives were  required,  and  an  increase  in  their  cost  of  fifteen 
per  cent,  due  to  an  increase  in  voltage,  would  exceed  the  total 
cost  of  feeder  copper  for  the  entire  system  as  required  for  3000 
volts.  In  the  case  of  a  double- track  road  in  which  the  locomotives 
would  be  greatly  increased  in  ntunber,  this  difference  would  be  still 
more  marked,  and  would  point  to  lixnitations  of  voltage  possibly 
not  exceeding  3000  volts  as  applying  to  most  of  the  heavy 
freight  traffic  now  obtaining  on  trunk  line  railroads. 

William  B.  Potter:  It  is  a  pleasure  to  endorse  much  of  what 
Mr.  Renshaw  has  said  as  to  the  excellent  f eattires  of  high-voltage 
direct  current.  We  are,  however,  rather  more  concerned  with  the 
future  than  with  the  past,  and  I  think  that  the  text  of  the  ulti- 
mate is  very  well  covered  in  his  statement  that:  "The  general 
limits  upon  which  standard  practise  in  any  industry  ordinarily 
settles  are  usually  fixed  by  broad  economic  considerations  rather 
than  by  physical  limitations."  He  mentions  as  an  illustration, 
that  while  it  is  posvsible  to  operate  trains  at  higher  speeds  than 
the  usual  practise,  it  has  not  been  found  economically  advisable 
to  do  so.  I  believe  the  question  of  higher  d-c.  voltages  will 
be  subject  to  the  results  of  experience,  and  whether  the  limit 
will  be  3000  or  5000  volts,  or  some  other  voltage,  will  ultimate- 
ly be  determined  by  **broad  economic  considerations." 

In  any  railway  electrification  there  are  certain  features  which 
may  be  considered  separately  as  parts  of  the  general  scheme. 
Under  d-c.  operation  the  initial  cost,  maintenance  and  depre- 
ciation of  some  of  these  features  are  but  little  affected  by  the 
operating  voltage,  while  other  features  are  so  directly  affected 
as  to  be  a  determining  influence  in  the  selection  of  voltage  most 
favorable  to  economic  results.  The  power  station,  high-ten- 
sion transmission  lines  and  track  bonding  are  in  the  class  of 
features  first  mentioned,  and  to  a  considerable  extent,  the  sub- 
stations as  well.  Sub-station  equipment  of  established  type 
generally  increases  in  cost  per  kilowatt  capacity  with  the  increase 
in  voltage  for  which  it  is  designed;  and  while  there  would  be 
fewer  substations  at  higher  voltages,  the  amount  of  included 
traffic  usually  becomes  greater  by  reason  of  the  longer  distance 
between  substations,  and  therefore  there  is  little  or  no  reduction 
in  the  total  cost  of  substation  equipment. 

The  two  features  principally  affected  by  the  choice  of  voltage 
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are  the  secondary  distribution  copper,  including  contact  con- 
ductors and  the  rolling  stock.  A  careful  study  of  the  respective 
merits  of  3000  and  5000  volts  was  made  in  connection  with  the 
Chicago,  Milwaukee  and  St.  Paul  electrification.  There  appeared 
to  be  little  difference  in  the  initial  cost  as  a  whole,  the  reduction 
in  copper  at  the  higher  voltage  being  offset  by  increased  cost 
of  the  locomotives.  On  the  basis  of  3000  volts  the  relative 
value  of  the  different  features  in  respect  to  each  other  may  be 
illustrated  by  the  following  percentages:  the  high-tension  trans- 
mission line  complete,  about  10  per  cent ;  track  bonding,  4  per 
cent;  substations  complete,  about  18  per  cent;  the  overhead 
construction,  feeder  copper  and  trolley  complete,  about  28  per 
cent;  and  the  locomotives  about  40  per  cent.  The  3000-volt 
copper  for  feeders  and  trolley  only  being  something  less  than  20 
per  cent,  and  the  locomotives  being  about  40  per  cent  it  is  not 
surprising  that  the  reduction  in  copper  at  5000  volts  would  have 
been  offset  by  greater  cost  of  the  locomotive. 

Considering  depreciation  and  maintenance,  it  is  better  that 
an  equivalent  expenditure  shotdd  be  in  copper  rather  than  in 
locomotives  which  require  maintenance  and  upkeep.  To  econo- 
mize in  copper  and  pay  an  equal  amount  for  more  expensive 
locomotives  would  be  a  transaction  on  the  wrong  side  of  the 
balance  sheet. 

Mr.  Renshaw*s  comment  with  respect  to  2400  and  3000  volts 
is  in  the  main  well  taken.  The  Butte,  Anaconda  and  Pacific 
might  well  have  been  3000  volts.  Occasions  may  arise,  however, 
where  the  use  of  developed  apparatus  may  be  utilized  to  advan- 
tage at  some  other  voltage  than  that  for  which  it  was  originally 
designed, — a  case  in  point  is  an  electrification  requiring  loco- 
motives with  the  same  tractive  power  as  those  used  on  the  Mil- 
waukee, but  at  a  speed  of  12  instead  of  15  miles  an  hour.  It  would 
be  unnecessary  expense  to  redesign  this  equipment  for  lower 
speeds  when  the  same  equipment  at  2400  volts  will  give  the 
speed  desired. 

Within  the  requirements  of  railway  motor  design  multiples 
of  750  volts  seem  to  be  about  the  higher  practical  limit  for  ad- 
vantageous winding.  For  the  speeds  usually  required  it  is  about 
as  easy  to  wind  a  motor  for  1500  as  it  is  for  1000  volts,  there- 
for multiples  of  600  or  750  volts  as  a  maximum  naturally  fall  into 
line  as  the  preferred  voltages  for  d-c.  operation 

Mr.  Renshaw  in  advocating  5000  volts  makes  this  comment, — 
"With  practical  apparatus  for  this  voltage  available,  the  problems 
of  distributing  and  collecting  the  necessary  power  for  the  largest 
locomotive  likely  to  be  required  can  be  readily  solved,  so  that 
although  f  lU'ther  increases  might  be  possible  they  should  be  entire- 
ly unnecessar>'.**  There  is  at  present  no  necessity  for  5000  volts 
to  successfully  handle  the  distribution  and  collection  of  the 
necessary  power  for  the  largest  locomotive  likely  to  be  required. 
The  collection  of  power  for  the  Milwaukee  locomotives  at  3000 
volts  is  a  complete  success,  there  being  no  sign  of  arcing  at  the 
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Ml.  I.  I  hriwrrn  the  pantagraph  and  the  trolley  wire  in  either 
w  I.  hi  Pi  pii'.'.cnger  service.  Although  the  locomotives  are 
.  »ivii|»j»r(l  will  I  tvvrj  pantagraphs,  a  single  one  only  is  used;  the 
^  it  Hi  III  lakcri  rm  the  mountain  grades  being  800  to  1000  amperes, 
i\\  1/t  milrs  an  hour  by  a  single  freight  locomotive,  and  the  same 
(  ui  I  lint  at  about  30  miles  an  hour  in  passenger  service.  The  prob- 
Inin  of  successful  current  collection  is  greater  at  the  higher  speeds, 
ix\u\  exi^erimentally  over  1500  amperes  have  been  collected  at 
(iv(!r  00  miles  an  hour  with  a  single  pantagraph  and  no  sign  of 
.'ircin^'.  The  success  on  the  Milwaukee  is  due  both  to  the  arrange- 
T/ient  of  the  pantagraph  collectors  and  method  of  supporting 
the  contact  conductor.  Each  pantagraph  is  provided  with 
two  collecting  pans  lined  on  the  bearing  surface  with  copper 
strifes,  and  the  contact  conductor  is  two  4/0  copper  wires  which 
are  in  contact  with  each  other  in  the  same  horizontal  plane. 
Tlie  hangers  supporting  each  of  these  contact  conductors  from 
the  catenary  are  alternated  so  that  the  hanger  of  one  conductor 
is  midway  the  span  of  the  other.  The  object  of  this  arrange- 
ment of  hangers  being  to  minimize  any  inflexibilit>""  in  the  sup- 
])()Tl  of  the  conductors.  For  the  successful  collection  of  current 
without  arcing  it  is  absolutely  essential  at  all  speeds  that  in- 
timate contact  be  maintained  between  the  pantagraph  and  the 
contact  conductor,  and  this  can  best  be  accomplished  by  so 
supporting  the  conductors  with  loop  hangers,  allowing  freedom 
of  vertical  movement  without  the  added  inertia  of  the  catenary. 
The  upward  i)ressure  of  the  pantagra[)h  should  further  be  suf- 
ficient to  slightly  lift  the  contact  conductors.  The  contact 
conductors  are,  therefore,  lifted  and  carried  free  of  the  support- 
ing catenary  by  the  pantagraph  in  its  passage.  We  found 
through  a  series  of  tests,  that  the  wear  of  the  pantagraph  col- 
lect(jr  and  the  ccmtact  conductor  was  due  not  so  much  to  the 
friction  or  mechanical  wear  as  it  was  to  the  arcing  due  to  col- 
lecting current,  even  an  incipient  arcing,  so  small  as  to  be  hardly 
visible,  having  a  destructive  etTect.  As  an  illustration,  when 
collecting  1000  amperes,  the  rate  of  wear  with  20-lbs.  presstu"e 
against  the  contact  conductor  was  about  double  what  it  proved 
to  be  at  'M)  lbs.  pressure,  the  latter  being  the  y)ressure  adopted 
for  the  Milwaukee  service.  Rtmning  copper  to  cop|)er  we  found, 
as  might  ha\'e  been  ex])ected,  that  lubrication  of  the  contact 
surfaces  was  essential  to  maintaining  a  smooth  surface,  and  for 
this  ])urpose  a  mixture  of  grease  and  gra])hite  was  used.  It 
might  be  expected  that  lubrication  would  increase  resistance  of 
the  contact  surface.  The  most  careftil  examination  seemed  to 
indicate  that  the  condtictivity  is  rather  improved  than  other- 
wise. vSo  far  as  we  can  iudge  from  the  tests,  and  from  other 
lines  operating  under  similar  but  less  favorable  conditions,  the 
contact  conductor  on  the  Milwaukee  will  last  fc^r  a  number  of 
million  pantagraph  passes. 

There  is  no  doubt  that  sub.station  and  locomotive  equipment 
of  5000  volts  can  be  successfullv  operated.       The  substation 
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equipment  would  not  diflFer  materially  from  a  3000-volt  installa- 
tion. The  locomotive  motors,  however,  because  of  the  additional 
insulation  required,  and  doubtless  some  change  in  the  design 
would  have  less  power  for  given  size  and  weight,  and  in  all  prob- 
ability, a  greater  number  of  motors  would  be  required  for  a 
given  service.  The  locomotive  control  equipment  for  5000 
volts  seems  to  be  principally  a  question  of  the  additional  space 
required  for  insulation  and  for  the  more  extended  arcing  of  the 
contactors.  Experimental  operation  of  the  Butte,  Anaconda 
and  Pacific  locomotives  at  5000  volts  gave  opportunity  of 
trying  out  the  control  devices  under  conditions  approximating 
service  operation.  Arcing  and  flashovers  at  3000  or  5000  volts 
are  more  startling,  but  seem  to  be  even  less  destructive  to  the 
apparatus,  than  at  600  volts.  The  high-voltage  arc  seems  to 
spread  over  more  surface  with  less  local  burning  than  at  the 
lower  voltage. 

The  results  of  operation  on  the  Milwaukee  have  been  extreme- 
ly gratifying.  Nothing  has  occurred  in  connection  with  the  use 
of  3000  volts  that  might  not  well  have  happened  with  600  volts. 
Minor  troubles  have  developed  in  the  auxiliary  devices,  particu- 
larly on  the  locomotives,  which  are  more  annoying  than  serious, 
and  can  easily  be  corrected. 

The  regenerative  feature  of  the  Milwaukee  locomotives  has 
in  every  way  been  as  successful  as  anticipated.  The  eastern 
grade  of  the  Rocky  Mountains  is  2  per  cent  for  20  miles,  and  both 
freight  and  passenger  trains  are  taiken  down  this  grade  without 
air  brakes  more  steadily  and  smoothly  than  they  run  even  on 
the  level,  and  without  the  delay  incident  to  inspection  of  brake 
shoes  and  wheels  as  required  when  air  brakes  are  used.  On  the 
lesser  grades,  where  an  occasional  application  of  air  brakes  has 
formerly  bee^i  required,  regeneration  is  also  made  use  of  to 
control  the  train  at  whatever  speed  desired.  The  flexibility  of 
d-c.  regeneration  makes  it  particularly  suitable  for  the  regulation 
of  trains  over  a  variable  profile. 

I  quite  agree  with  Mr.  Sprague  that  it  would  be  unwise  to 
say  that  3000  volts  is  a  finality,  and  having  in  mind  the  economic 
problems  that  have  to  be  dealt  with,  and  that  railroads  are  oper- 
ated for  profit,  there  would  be  even  less  wisdom  in  the  arbitrary 
establishment  of  a  standard  not  based  on  experience. 

Calvert  Townley:  I  can  endorse  the  last  speaker's  remarks 
against  the  establishment  of  a  standard  voltage  or  trying  to  say 
now  what  shall  be  the  limitations  of  future  practise.  I  believe 
that  the  Institute  and  all  engineers  individually  should  encourage 
every  possible  advance  in  the  art,  and  developments  such  as  the 
one  described  in  Mr.  Renshaw's  paper  clearly  indicate  that 
substantial  progress  is  still  being  made.  Every  improvement  in 
fundamentals  even  if  accompanied  by  some  unfavorable  con- 
struction limitations  which  are  not  fundamental  should  be  wel- 
comed and  encouraged. 

In  commenting  on  the  necessity  for  looking  at  every  problem 
from  all  angles  when  selecting  a  system,  the  last  speaker  quite 
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^yfc/periy  favored  a  greater  investment  in  the  excess  copper 
required  by  a  lower  voltage  system  and  which  depreciates  ver>' 
little,  against  the  same  amount  put  into  the  increased  cost  of 
the  motors  and  auxiliaries  of  a  higher  voltage  system  where  the 
maintenance  and  depreciation  are  both  greater.  It  must  be  borne 
in  mind,  however,  that  a  system  which  permits  the  use  of  a  higher 
voltage  scores  a  distinct  fundamental  and  permanent  advance  in 
the  art  while  whatever  may  be  the  present  offsetting  disabilities 
of  increased  equipment  costs,  these  are  largely  temporary- .  We 
are  just  beginning  to  make  5000-volt  equipments  and  3000- 
volt  equipments  are  not  so  ver>*  old.  The  history-  of  all  electrical 
development  has  shown  that  we  may  confidently  expect  improve- 
ments in  design  which  will  largely  or  entirely  remove  such  tem- 
porary' offsetting  disabilities  if  any,  as  may  now  exist.  One 
speaker  cited  the  St.  Paul  Road  as  an  example  to  prove  that  a 
3000- volt  trolley  e.m.f.  is  high  enough,  concluding  therefore 
that  there  is  no  use  of  trying  to  use  higher  pressures.  He 
remarked  that  only  one  single  500,000 -circular  mil  feeder  is 
needed  throughout  the  entire  length  of  line.  Without  pausing 
to  comment  on  the  advisability  of  letting  the  entire  ser\'ice  of 
a  large  railway  system  depend  on  one  feeder  it  is  interesting  to 
note  that  a  500,000-circular  mil  bare  copper  feeder,  440  miles 
long,  calls  for  over  3,500,000  pounds  of  copper,  while  with  5000 
volts  and  with  the  same  energy  loss  the  investment  in  over 
2,000,000  pounds  of  this  copper  would  be  unnecessary'. 

I  feel  very  strongly  that  the  Institute  should  welcome  and  in 
no  sense  attempt  to  decr\'  any  fundamental  advance  such 
as  is  described  in  the  paper  of  the  evening,  and  we  should  con- 
gratulate ourselves  and  the  successful  designers  that  such 
progress  has  been  made  possible. 

While  rejoicing  at  the  recent  rapid  and  marked  increases 
in  available  continuous-current  voltages,  it  is  perhaps  interesting 
to  ask  why  this  sudden  activity — this  very  material  advance 
after  years  of  practically  no  progress  when  the  limits  seemed  to 
have  become  rather  firmly  established.-'  I  find  the  answer  largely 
in  the  increased  demands  of  the  new  field  of  heavy  railroad 
electrification  and  the  development  of  the  single-phase  system 
which  threatened  to  monopolize  this  field.  The  stimulus  of 
competition  has  supplied  the  needed  incentive  to  greater 
exertions  in  the  study  of  continuous-current  possibilities.  If  con- 
tinuous-current ajjpararus  was  to  receive  serious  consideration  in 
heavy  railroading  it  was  necessary  that  every  possible  reduction 
in  the  excessive  costs  of  that  system  should  be  made  and  every 
advantage  taken  of  simplification  of  method.  These  conditions 
have  not  changed.  It  is  still  necessarv'  for  the  continuous- 
current  system  to  be  bettered.  A  3000-volt  trolley  is  not  good 
enough  to  more  than  incidentally  share,  much  less  to  monopolize 
the  heavy  traction  field  against  the  alternating  current.  It  is 
far  from  clear  that  even  a  5000-volt  trolley  e.m.f.  will  be  suffi- 
cient to  prevail  over  available  alternating-current  systems  but 
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it  is  however  a  long  step  in  the  right  direction  and  we  should 
welcome  and  encourage  it  in  every  possible  way. 

S.  I.  Oesterreicher:  While  in  Mr.  Renshaw's  paper  only 
general  outlines  of  the  underlying  fundamental  principles  of 
high-tension  d-c.  railway  practise  are  discussed,  perhaps,  it 
will  not  be  out  of  place  to  mention  certain  details  of  modem 
d-c.  railroad  practise. 

Mr.  Renshaw  does  not  mention  storage  batteries  in  connection 
with  high-tension  d-c.  railroad  work.  From  this  I  infer,  that 
Mr.  Renshaw  does  not  deem  it  practical  to  consider  such,  for  the 
voltages  which  are  discussed  in  his  paper. 

While  there  are,  no  doubt,  considerable  difficulties  about  a 
floating  battery  on  a  say  3000-volt  equipment,  however  it  cer- 
tainly would  be  worth  while  to  investigate  these  difficulties 
for  the  sake  of  the  advantages  gained  from  the  economic  oper- 
ation of  the  installation  as  a  whole. 

The  greatest  handicaps  for  such  a  storage  battery  project  are 
purely  commercial.  Naturally  this  side  of  the  problem  must  be 
determined,  from  case  to  case  as  it  is  presented,  and  for  which 
no  definite  rules  can  be  set  down  in  advance. 

From  the  technical  side  there  can  be  no  question,  that  it  is 
entirely  feasible  to  build  and  operate  with  perfect  reliability 
a  storage  battery  for.  any  reasonable  moderately  high-tension 
voltage. 

To  give  this  statement  some  weight,  I  will  cite  a  1100-volt 
d-c.  railroad  equipment  as  designed  by  Mr.  Fischer,  chief  engineer 
of  the  Budapest  City  Railroad  Co.  This  company  operated  in 
1912  about  56  miles  of  three  branch  lines,  having  a  total  of 
about  124  miles  of  tracks. 

On  one  of  these  lines,  with  a  length  of  about  30  miles,  there 
are  one  generating  and  two  substations.  Power  is  generated  at 
1 1,000  volts,  42  cycles,  3  phase,  and  supplied  to  motor  generators 
in  the  substations.  The  generators  in  the  substations  generate 
on  this  particular  line  1100  volts,  direct-current. 

Upon  the  d-c.  bus  is  connected  a  Tudor  type  484-cell  1000- 
ampere-hr.  battery  which  floats  upon  the  system  as  any  other 
standard  battery. 

There  is  nothing  remarkable  or  special  about  this  installation 
as  a  unit.  The  battery  is  standard  in  every  respect,  except  the 
battery  room,  where  the  floors  and  wall  are  insulated  from  the 
building. 

Even  on  a  three-wire  installation,  having  as  potentials  650 
and  1 100  volts,  there  is  no  difficulty  experienced  from  the  battery. 
The  only  special  auxiliary  in  this  double-voltage  equipment  is 
the  counter-e.m.f.  booster  regulator.  This  set  consists  of  a 
600- volt  d-c.  motor  and  six  generators  mounted  upon  the  same 
shaft.  The  operation  of  this  set  is  however  standard.  Each 
three  generators  taking  care  of  one  side  of  the  system.  The 
voltage  regulation  of  the  booster  regulator  as  well  as  the  load 
distribution  between  generator  and  battery  is  entirely  automatic. 
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^  .   v..    •'<   UMturo  of  this  Budapest  system  is  the 

,       .  .v  '.►, Mix  hon,  with  its  flexible  trolley  wire  suspen- 

',  M^^^^^•uv•t•^  Cable.    The  trolley  wire  is  allowed  to 

A     X  ....    vwA   s'wM   \\\r  tracks,  to  adjust  itself  automatically 

•      .    ..i  t,   \  lUvUums,  allowing  a  free  contraction  or  expan- 

.    swiN'  NN  Hh(»iit  additional  saj^'ginjT[  under  the  suspension 

..    .    .     i  »  I  ii\»iu  which  it  follows  that  sparking  is  almost  en- 

.   .   i"iK   i\\.v\  with.  Counter- weights  of  about  3000  lb.  at  ever}' 

1     .1  miU-  .iiul  a  half  or  so  about  take  care  of  the  even  trolley 

i.i  n\  oNx'i  ihrir  rcsjicctive  sections. 

tWii|4ium  F  Wood:  I  have  been  connected  with  a  system 
'.  .1  \\  \ .  .l.nidardization  in  fact,  and  lately  I  have  changed  to  a 
N  .uin  that  has  standardization,  to  a  great  extent,  in  theory. 
I'll,  lioilry  car  man  wants  everybody  to  adopt  his  stand- 
II. I  I  noticed  in  the  first  picture  which  was  thrown  on 
I  fir  .1  urn  that  there  were  four  or  five  voltages  shown.  It 
.  1.  X  .  ■.rem  t  hat  some  standardization  is  desirable,  but  I  think  that 
ihr  rlrctrical  man  is  getting  himself  into  some  difficulty  with 
I  hr  hiihoad  peofjle  when  he  talks  about  cost  and  the  little  re- 
linrnirnts  cr^nnected  with  the  efficiency  of  operation.  I  made 
.(.nic  calculations  one  time  on  the  electrification  of  a  double- 
h;i(l<  line,  130  miles  long,  operating  3000  to  3500-ton  trains, 
,il  Iwriity  minute  intervals  throughout  the  day,  at  a  maximum 
ialin;^of().2  ])er  cent,  and  found  that  could  be  done  with  600 
vdWs.  The  diflerence  in  cost  between  the  difTerent  voltages 
wa'".  cf>mj)aratively  small,  only  2  per  cent  on  the  total,  and  the 
cost  oi  oj)eration  would  be  only  a  few  per  cent.  When  you 
rralize  that  the  total  fuel  cost  on  a  trunk  line  is  only  five  or 
•,ix  per  cent  of  the  operating  expenses,  and  you  have  got  to  sell 
<'l<'ctric  j)ower  to  the  steam  railroad  at  approximately  the  cost 
of  fuel  when  you  take  r^vcr  that  operation  by  electric  serv-ice,  you 
will  see  that  when  you  come  to  save  five  per  cent,  or  ten  per 
cent,  even,  oi  this  fuel  percentage,  it  is  of  trifling  importance 
when  c()mi)ared  with  rle])endability  of  operation.  That  is 
tht'  primary  thing.  The  railroad  man  wants  something  he  can 
be  sure  is  going  to  operate  continuously  and  reliably,  and  that  is 
the  end  to  which  all  elTorts  at  standardization  should  be  directed. 

Ernest  V.  Pannell:  If  I  have  understood  Mr.  Renshaw's 
cr)nclusions  c*<)rrectly,he  is  strongly  in  favor  of  the  motor,  insulated 
for  1200  volts  and  commutating  only  600  as  opposed  to  the 
mc)t()r  which  o])erates  at  a  terminal  pressure  of  1200.  Now  this 
operation  of  two  motors  in  series  on  a  r200-volt  trolley  has  always 
seemed  to  me  to  represent  only  half  a  solution  of  the  high- 
voltage  railway  problem.  It  is  expedient  where  a  considerable 
proportion  of  the  running  is  on  the  6()0-volt  trolley  but  one  usu- 
ally finds  that  where  interurban  cars  operate  within  city  limits, 
the  switch  over  from  600  to  1200  volts  occurs  at  the  end  of  the 
limited  speed  area  so  that  the  motors  take  uj)  full  speed  just  as 
soon  as  full  speed  is  permissible. 

The  main  problems  attaching  to  the  design  of  high-voltage 
H)tors   are    two;     those   of   insulation   and   commutation.      In 
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constructing  a  motor  which  will  operate  in  series  with  another 
on  1200  volts,  the  first  problem  has  to  be  met.  Clearances  have 
to  be  sufficient  to  take  care  of  flashover,  projections  in  the  inter- 
ior have  to  be  rotinded  off  and  extra  slot  insulation  carried. 
In  a  recent  instance  the  slot  space  factor  of  a  150- kw.,  1200- 
volt  motor  worked  out  at  37.5  per  cent  whereas  the  correspond- 
ing 600- volt  design  would  probably  have  a  value  of  50  per  cent; 
in  other  words  an  armature  of  given  size  has  a  capacity  25  per 
cent  lower  when  insulated  for  1200  as  compared  with  600 
volts.  Now  in  making  the  additional  modifications  for  running 
the  motor  direct  on  1200  volts  the  commutator  bars  have  to 
be  increased  in  number,  possibly  by  100  per  cent  and  the  arma- 
ture, if  a  two- turn  winding  reduced  to  one  turn.  Simultaneously 
however  the  amperes  per  motor  for  a  given  output  are  reduced 
by  some  50  per  cent  this  makes  it  possible  to  shorten  up  the 
commutator  by  a  similar  proportion.  Although  on  account  of 
the  space  required  for  bearings,  fan,  etc.,  it  is  impossible  to  add 
to  the  core-length  every  inch  saved  on  the  commutator,  it  will 
usually  be  found  practicable  to  increase  the  core  by  two  to 
four  inches  and  by  this  means  the  armature  will  carry  a  greater 
flux.  On  the  foregoing  basis  therefore,  a  motor  of  given  weight 
will  actually  have  a  greater  output  with  1200  terminal  volts 
than  where  it  is  one  of  a  pair  designed  for  working  in  series  on 
this  potential. 

As  Mr.  Renshaw  implies,  the  question  of  dollars  and  cents 
will  ultimately  settle  the  maximum  voltages  for  railway  operation. 
We  do  not  run  pur  trains  at  ninety  miles  an  hour  because  the 
cost  of  track  maintenance  and  power  for  operation  would  be 
prohibitive.  Similarly  an  economical  maximtmi  voltage  will 
be  evolved  beyond  which  the  extra  cost  and  maintenance  of 
the  equipment  will  outbalance  the  economy  on  the  line  copper. 
Because  1500  volts  is  about  the  maximum  which  can  be  applied 
to  a  railway  motor  commutator  in  service  with  reasonably 
satisfactory  results  I  would  set  the  maximum  desirable  trolley 
pressure  at  3000  volts  in  the  present  stage  of  the  art. 

A.  H.  Armstrong:  There  are  two  rather  positive  statements 
made  in  Mr.  Renshaw's  paper  and  to  bring  them  freshly  to 
mind  I  will  quote.  With  reference  to  the  use  of  2400  volts  the 
author  states  **From  a  general  standpoint,  however,  while  the 
results  have  been  welcome  as  a  contribution  to  the  development 
of  the  art,  suitable  applications  for  this  particular  voltage  are  ap- 
parently somewhat  lacking."  On  the  next  page  the  author  goes 
on  to  state,  'Tor  heavy  traction  on  the  other  hand  this  voltage  is 
much  too  low  to  solve  the  problem  in  a  sufficiently  compre- 
hensive way  to  attract  the  investment  of  capital  in  electrification. 
Even  3000  volts,  while  overcoming  the  latter  disadvantage  to 
some  extent,  does  not  do  so  completely."  The  author  then  goes 
on  to  make  the  suggestion  that  5000  volts  direct  current  be 
adopted  and  standardized  as  the  proper  d-c.  voltage  for  electri- 
fication work. 
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A  number  of  years  ago  on  the  floor  of  this  Institute  the  sug- 
gestion was  made  to  standardize  the  15-cycle  a-c.  single-phase 
motor  system  as  the  standard  equipment  for  steam  railway 
electrifications.  At  that  time  not  a  single  15-cycle  a-c.  motor 
was  in  operation  in  this  country,  and  but  one  installation  has 
been  made  in  the  many  years  which  have  since  passed.  To- 
night we  have  the  suggestion  that  5000  volts  direct  current  be 
standardized  although  there  is  only  one  experimental  car  equipped 
with  5000-volt  d-c.  apparatus  which  has  been  in  intermittent 
experimental  service  for  a  period  of  a  few  months. 

There  are  in  operation  in  this  country  three  very  extensive 
railway  systems  using  d-c.  motor  equipments  of  2400  to  3000 
volts,  and  contracts  have  been  let  for  similar  apparatus  for  two 
other  installations  also  of  some  magnitude.  In  view  of  these 
facts  it  therefore  seems  pertinent  to  approach  the  proposal  to 
standardize  5000-volt  d-c.  apparatus  by  asking  two  questions. 

1.  What  facts  are  behind  the  two  statements  made  by  Mr. 
Renshaw  in  which  he  broadly  discredits  2400  and  3000-volt 
apparatus  as  being  applicable  to  main  line  electrification? 

2.  What  experience  is  behind  the  suggestion  that  5000  volts 
be  adopted  as  a  standard  d-c.  potential  and  what  advantages 
does  it  offer? 

The  sweeping  statements  that  2400  and  3000  volts  direct 
current  "are  much  too  low  to  solve  the  problem,"  cannot  be 
accepted  without  advancing  sufficient  facts  to  disprove  the 
economic  fitness  of  the  apparatus  now  operating  successfully 
on  three  railways  and  under  construction  for  two  more.  Espe- 
cially is  this  so  when  one  electrification  at  3000  volts  has  a  route 
mileage  greater  than  the  combined  length  of  all  the  electrification 
thus  far  completed  in  this  country  to  date.  It  is  therefore 
impossible  to  let  go  unchallenged  the  broad  statement  that  po- 
tentials considerably  higher  than  3000  volts  direct  current  must 
be  resorted  to  in  order  "to  attract  the  investment  of  capital 
in  electrification."  In  the  absence  of  any  facts  supporting  the 
claim  that  3000-volt  d-c.  locomotives  cannot  successfully  meet 
the  requirements  of  heavy  traction  service,  it  is  not  out  of  place 
to  refer  to  some  of  the  fundamental  features  of  the  C.  M.  and  S.  P. 
electrification  operating  at  that  potential. 

This  electrification  extends  over  four  steam  engine  divisions, 
a  total  of  440  route  miles  across  three  mountain  ranges,  the 
Belt,  Rocky  and  Bitter  Root  mountains,  and  presents  all  the 
problems  confronting  operation  over  a  broken  profile  from  level 
track  to  long  sustained  grades  of  2  per  cent.  This  440  miles 
of  track  is  fed  from  14  motor-generator  substations  having 
an  aggregate  installed  capacity  of  59,500  kw.  full-load  rating. 
In  each  of  these  substations  there  is  one  motor- generator  set 
serving  as  a  complete  spare  so  that  in  normal  operation  of  the 
road  the  aggregate  substation  capacity  running  is  limited  to 
33,000  kw.  The  total  d-c.  load  on  the  14  substations  will  prob- 
ably be  less  than  14,000  kw.,  giving  a  load  factor   of  over   40 
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per  cent  of  the  aggregate  running  capacity  of  the  substations. 
This  remarkably  high  load  factor  is  secured  by  spacing  the 
substations  some  32  miles  apart  as  permitted  by  trolley  distri- 
bution at  3000  volts  direct  current.  This  substation  spacing 
is  obtained  in  most  cases  with  only  one  500,000-circular  mil 
feeder  reinforcing  the  two  4/0  contact  trolley  wires,  the  exceptions 
being  the  2  per  cent  grade  over  the  Rocky  Mountains  and  the 
1.7  per  cent  grade  over  the  Bitter  Root  Mountains,  in  which 
locations  1,400,000-circular  mil  and  1,000,000-circular  mil  feeder 
cables  respectively  reinforce  the  trolley. 

We  have  then  in  the  St.  Paul  electrification  a  good  example  of 
what  can  be  done  with  3000- volt  trolley  distribution  and  the 
above  statement  gives  evidence  that  substation  spacing  is 
approximately  32  miles,  the  feeder  copper  installed  is  entirely 
reasonable  and  furthermore  the  load  factor  of  the  motor  gener- 
ator sets  nmning  in  the  substations  under  normal  service  is  very 
good  indeed.  Furthermore,  the  33,000  kw.  running  in  the  14 
substations  furnish  power  to  42  main  line  locomotives  and  2 
switch  engines  having  a  combined  continuous  rating  of  127,000 
h.p.  or  95,000  kw.  which  is  further  proof  that  the  substation 
spacing  is  sufficiently  great  to  profit  to  a  large  extent  in  the  matter 
of  diversity  factor  of  the  several  locomotives  operating  and  as- 
signed to  each  division.  A  statement  of  the  Butte,  Anaconda 
and  Pacific  Railway  operating  at  2400  volts  direct  current  would 
add  further  facts  to  those  cited  in  the  case  of  the  C.  M.  and  S.  P. 
and  these  facts  are  submitted  as  substantial  evidence  that  2400 
and  3000-volt  direct  current  are  sufficiently  high  to  adequately 
take  care  of  the  demands  of  main  trunk  line  electrification. 
The  train  weight  on  the  St.  Paul  totals  3500  tons  gross  including 
locomotives,  and  these  heavy  trains  operate  against  a  2  per  cent 
grade  at  15  miles  per  hour.  On  the  Butte,  Anaconda  and  Pacific 
trains  of  5000  tons  gross  are  being  operated  against  a  lesser 
gradient  and  the  average  drop  in  trolley  feeders  and  ground 
retiuTi  on  either  road  will  be  found  to  be  less  than  10  per  cent 
under  the  average  traffic  demands  and  possibly  20  per  cent 
maximum  under  certain  conditions  of  operation. 

It  may  seem  attractive  to  always  consider  the  use  of  still 
higher  voltages,  but  it  must  be  recognized  that  very  high  volt- 
ages impose  their  burden  of  expense  and  complications  upon 
the  motive  power  and  substation  apparatus  until  a  point  is 
reached  where  these  costs  become  so  excessive  as  to  more  than 
offset  the  reduction  in  feeder  copper  and  other  advantages  of  a 
high  distributing  voltage.  There  is  nothing  inherently  inexpen- 
sive in  a  high-voltage  locomotive  and, there  is  little  saving  in 
the  first  cost  of  the  entire  installation  by  transferring  a  certain 
portion  of  the  initial  investment  in  copper  to  a  corresponding 
increase  in  the  cost  of  locomotives  which  is  the  result  of  going 
to  higher  potentials. 

Referring  again  to  the  proposal  to  standardize  5000  volts 
direct  current,  I  do  not  share  with  Mr.  Renshaw  the  conclusion 
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that  this  potential  is  a  natural  selection  or  in  any  way  represents 
the  last  word  in  the  development  of  d-c.  locomotive  equipments 
Before  the  decision  was  made  to  adopt  3000-volt  d-c.  apparatus 
for  the  C.  M.  and  S.  P.,  exhaustive  experiments  were  carried 
out  at  Schenectady  with  d-c.  apparatus  operating  as  high  as 
6000  volts  with  an  idea  of  determining  if  possible  the  limiting 
potential  of  d-c.  apparatus.  No  such  limits  were  discovered, 
as  with  the  hastily  constructed  apparatus  tested,  it  was  found 
possible  to  successfully  open  6000  volts  on  contactors,  circuit 
breakers  and  fuses  assembled  for  the  purpose  and  furthermore  the 
current  used  was  obtained  from  motor- generator  sets  and  was  of 
sufficient  volume  to  demonstrate  the  successful  operation  of  d-c. 
apparatus  at  this  potential  in  commercial  service.  To  my  mind 
therefore  it  is  not  a  question  of  the  feasibility  of  operating  d-c. 
equipment  at  higher  than  3000  volts,  but  rather  what  advantage 
either  in  first  cost,  cost  of  operation  or  increased  facilities  does 
the  adoption  of  a  higher  potential  offer. 

The  5000-volt  car  fed  from  a  mercury  rectifier  tube  referred  to 
by  Mr.  Renshaw  constitutes  a  most  interesting  experiment 
but  in  no  way  forms  a  sufficiently  solid  basis  for  a  recommenda- 
tion to  adopt  5000  volts  direct  current  for  heavy  traction  electri- 
fication. If  facts  can  be  disclosed  which  will  discredit  2400  and 
3000  volts  direct  current  then  it  will  be  time  to  consider  the 
initial  installation  of  d-c.  apparatus  at  a  higher  potential,  and 
its  successful  performance  perhaps  in  time  may  lead  to  the 
adoption  of  a  general  standard  d-c.  potential  higher  than 
3000  volts.  With  the  facts  at  hand,  however,  I  see  no  reason 
to  go  to  a  higher  potential  than  3000  volts  even  to  meet  the 
requirements  of  the  heaviest  kind  of  trunk  line  service.  In 
fact  there  is  much  more  reason  to  suggest  standardizing  this 
potential  with  the  weight  of  experience  behind  it  than  to  blindly 
adopt  a  higher  potential  not  yet  in  commercial  service  on  any 
scale  commensurate  with  the  problems  to  be  solved. 

Selby  Haar  (by  letter) :  I  should  like  to  have  Mr.  Renshaw 
give  his  reasons  for  preferring  5000  volts  as  the  standard.  Viewed 
as  a  multiple  of  1200  and  2400  volts  it  should,  apparently, 
suit  him  less  than  6000  volts,  which  is  derived  from  1500  and 
3000  volts.  Furthermore  I  do  not  see  that  it  is  obtained  by 
rectification  of  a-c.  voltage  or  potential  any  more  conveniently 
than   some  other  potential  of  the  same  order  of  magnitude. 

Carl  Schwartz  (by  letter):  Mr.  Renshaw's  paper  in  calling 
attention  to  the  successful  application  for  railway  operation  of 
direct  current  of  sufficient  voltage  to  compare  in  ecomony  of 
transmission  favorably  with  single-phase  alternating  ciurent 
suggests  a  potential  of  5000  volts  as  a  standard  operating  voltage. 

Without  desiring  in  any  way  to  detract  from  the  value  of 
standardization,  I  would  like  to  caution  against  prematurely 
adopting  a  standard  high  d-c.  voltage  for  railway  work. 

We  have  in  oj^cration  a  variety  of  systems  with  diff'erent 
pressures  so  that  the  ultimate  loss  on  account  of  lack  of  stand- 
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ardization  should  not  be  materially  increased  if  standardization 
was  deferred  until  we  are  able  to  foresee  more  definitely  what 
the  future  will  bring  us  in  new  developments  and  experience. 

Practically  all  standards  are  the  result  of  gradual  development 
to  a  degree  where  a  further  increase  in  perfection  or  efficiency  is 
either  impossible  or  unnecessary  and  it  seems  questionable 
whether  we  have  reached  this  point  as  far  as  voltage  for  electric 
train  operation  is  concerned.  Standardization  if  adopted  too 
early  either  means  a  check  in  progress  or  if  progress  is  not  stopped 
standardization  automatically  fails. 

The  paper  further  permits  the  conclusion  that  if  high- voltage 
direct  current  is  as  successful  as  it  promises  to  be,  the  future . 
standard  system,  if  such  a  thing  is  possible,  has  increased 
chances  to  be  direct  current  rather  than  single-phase  alternating 
current. 

The  writer  has  refrained  from  taking  part  in  discussions  con- 
cerning the  relative  merits  of  single-phase  alternating  current 
as  compared  with  direct  current  for  electric  traction.  There  is 
one  feature  in  his  mind,  however,  for  many  years  and  that  is  the 
difficulties  connected  with  the  generation  of  single-phase  alter- 
nating current.  These  difficulties  are  usually  reflected  by  appre- 
ciably higher  cost  of  current  and  greater  chance  of  disturbances 
in  the  generating  station. 

If  these  difficulties  can  be  eliminated  by  the  use  of  direct 
current*  still  retaining  essentially  the  advantages  of  single-phase 
a-c.  transmission,  a  long  step  in  advance  will  be  made. 

The  principal  reason  for  the  relatively  limited  electrification 
of  steam  railroads  is  not  that  steam  railroad  men  have  failed  to  ap- 
preciate the  advantages  of  electric  operation  but  rather  the  fact 
that  so  far  the  investment  required  for  all  of  the  electric  traction 
systems  has  been  so  high  that  it  was  in  most  cases  hopeless  to 
expect  a  saving  in  operating  expenses  to  pay  for  the  additional 
fixed  charges. 

Mr.  Renshaw's  paper  indicates  that  this  handicap  shows 
signs  of  becoming  materially  reduced. 

N.  W.  Storer:  The  point  in  Mr.  Renshaw's  paper  that  should 
appeal  most  to  the  railway  engineer  is  the  portrayal  of  the  great 
progress  that  has  been  made  in  the  car  and  locomotive  equip- 
ments for  operation  on  increasingly  high  d-c.  voltages,  cul- 
minating in  the  5000- volt  car  equipment  that  has  been  in  opera- 
tion during  the  past  year  at  Jackson,  Mich.  The  operation  of 
this  equipment  has  been  a  revelation  to  all  concerned  and  it 
may  be  interesting  to  discuss  briefly  the  main  points  of  interest 
in  it,  even  though  it  has  been  partially  described  in  the  technical 
papers. 

The  development  of  this  equipment  was  carried  out  in  pur- 
suance of  a  settled  determination  to  find,  if  possible,  a  limit  to 
d-c.  voltage  for  railway  purposes,  or  at  least  to  see  if  it  is  possible 
to  arrive  at  one  which  would  be  high  enough  to  meet  the  re- 
quirements of  heavy  electric  traction  in  extreme  instances,  and 


376  D-C.  RAILWA  YS  [April  14 

to  do  this  economically.  The  development  of  5000- volt  ap- 
paratus was  started  several  years  ago  at  a  time  when  2400  volts 
was  the  maximum  d-c.  potential  that  had  been  installed  on  any 
line  in  this  country.  It  was  known  that  an  experimental  line 
was  in  operation  in  England  at  3500  volts,  d-c,  but  no  informa- 
tion concerning  it  was  available  at  that  time.  Since  then,  I 
have  had  the  pleasure  of  riding  on  this  3500-volt  car  and  have 
inspected  the  equipment.  Owing  to  limitations  in  the  sub- 
station generator,  the  equipment  has  been  operated  most  of 
the  time  with  the  motors  all  in  series  giving  half  voltage  and 
half  speed.  However,  the  commutation  of  these  motors  was 
excellent  at  full  voltage  and  practically  no  trouble  had  been 
experienced  with  any  part  of  the  equipment,  except  the  dyna- 
motor  which  was  used  for  furnishing  power  for  lights,  control 
and  compressor. 

This  experience  corresponds  closely  with  that  of  the  5000- 
volt  equipment,  except  that  the  latter  has  no  dynamotor. 

Any  system  of  electrification,  or  any  voltage  that  is  applied 
to  the  electrification  of  a  heavy  traction  line,  should  be  suitable 
not  only  for  locomotives,  but  for  multiple  unit  cars  as  well. 
Since  the  5000-volt  equipment,  which  has  been  in  operation, 
consists  o^  four  motors  of  only  100  h.  p.  each,  this  can  be  safely 
said  to  be  suitable  for  multiple-unit  car  operation.  In  view  of 
the  fact  that  many  of  the  limitations  to  the  voltage  of  a  small 
motor  are  much  greater  than  in  a  large  motor,  it  would  Appear 
that  it  would  be  still  easier  to  build  larger  equipments  and  loco- 
motives, at  least  the  problems  of  insulation  and  commutation 
should  be  easier. 

From  Mr.  Armstrong's  discussion,  it  may  be  inferred  that  he 
thinks  this  is  a  freak  construction.  Certainly,  the  designs  of 
the  motor  and  switch  groups  are  quite  different  from  the  ordinary 
types  of  motors  and  switch  groups  for  car  purposes.  However, 
a  careful  examination  of  the  equipment  will  show  that  the 
principles  are  identical  with  those  of  the  standard  well-known 
types  and  that  the  difference  is  in  appearance  only;  the  voltage 
between  commutator  bars  is  no  higher  than  on  the  ordinary 
600- volt  motors;  the  voltages  between  the  upper  and  lower 
layers  of  the  armatiu'e  winding  are  no  greater  than  with  "any 
1200- volt  armature;  the  number  of  field  coils  is  less  than  on 
the  ordinary  four-pole  moter;  in  fact,  throughout  practically 
the  entire  motor,  the  construction  is  simpler  than  that  of  the 
ordinary  600- volt  motor.  Practically  all  that  has  to  be  given 
i  iicinsulation  of  the  armature  windings  from  ground, 
well  this  was  done  may  be  inferred  from  the  fact  that  after  the 
,,  ^aiij  nm  over  30,000  miles,  one  of  the  armature  leads,  leading 
Iftnn  the  coil  to  the  commutator  bar,  broke  off  and  a  hole  about 
l|  ini^boi  in  diameter  was  burned  through  the  armature  hood. 
'fhiM  iirmnitiri^  »ti>od  a  test  of  12,000  volts  a-c.  to  ground  without 
\  iljrn  <A  diilreHs.  The  commutation  has  been  as  near  perfect 
I  Ihiil  o(  iifiy  tJOO-volt  motor,  and  while  there  have  been  cases 
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of  flashing  in  the  motor,  they  have,  without  exception,  been  due 
to  abnormal  causes,  such  as  reversed  commutating  fields  or 
broken  brush-holder  cable,  and  in  no  case  has  there  been  any 
damage  resulting  from  this. 

The  operation  of  the  switches  with  the  arc  splitters  has  been 
so  successful  that  there  appears  to  be  no  difficulty  whatever 
in  designing  switches  to  handle  any  reasonable  amount  of  power 
at  this  voltage.  The  arc  splitters  serve  to  greatly  increase  the 
length  of  the  arc,  as  well  as  to  chill  it.  The  insulation  of  the 
switch  group  was  so  perfect  that  although  the  switch  group 
frames  were  grounded  to  the  car  structure,  there  was  no  case  of 
a  breakdown  in  the  insulation  until  after  a  44,000-volt  trans- 
mission line  had  dropped  on  the  trolley  wire.  Then  a  short 
time  later,  one  switch  insulator  and  one  motor  armature  were 
grotmded. 

The  auxiliaries  are  very  well  taken  care  of  by  the  storage 
battery,  which  is  connected  between  the  main  motors  and  rail. 
Since  the  operation  of  the  compressor  is  delayed  until  the  car 
starts,  the  battery  is  not  required  to  furnish  very  much  of  the 
power  for  the  compressor  motor  which  operates  from  the  current 
through  the  main  motors.  The  battery  absorbs  the  excess  or 
fiuTiishes  any  current  that  is  required  above  the  main  motor 
current.  The  duty  on  the  storage  battery  is,  therefore,  very 
light.  Test  on  this  equipment  shows  beyond  question  the  pos- 
sibility of  operating  satisfactorily  with  5000  volts  in  light  service. 
There  would  appear  to  be  no  reason  to  doubt  that  it  will  operate 
at  least  as  well  in  heavy  service. 

As  to  the  question  of  standardization,  I  do  not  think  that  we 
need  to  feel  that  Mr.  Renshaw  had  any  intention  whatever  of 
starting  out  to  show  that  5000  volts  could  be  at  once  adopted  as 
a  standard.  It  is  a  point  to  aim  at,  and  it  certainly  seems  more 
logical  to  undertake  the  development  of  apparatus  for  a  voltage 
which  it  is  recognized  would  be  liigh  enough  to  handle  any  kind 
of  traffic  with  a  very  economical  distribution  system,  than  to 
proceed  by  the  small  steps  which  have  thus  far  been  made. 
As  a  matter  of  fact,  it  is  recognized  that  5000  volts  would  not 
be  at  all  suitable  for  standardization  if  it  could  not  be  made 
thoroughly  reliable.  It  has  not,  of  course,  yet  received  a  test 
under  conditions  which  would  warrant  adopting  it  for  general 
use,  or  to  replace  other  established  systems,  but  it  is  certain 
that  a  new  *'  bogie  "  has  been  established,  and  it  is  a  voltage 
beyond  which  it  appears  scarcely  worth  while  at  this  time  to 
go.  To  be  sure,  this  same  equipment  was  operated  at  as  high 
as  7000  volts  experimentally  with  entire  satisfaction,  but  this 
simply  shows  the  factor  of  safety  which  the  present  equipment 
has. 

There  has  been  some  doubt  expressed  by  several  of  the  speak- 
ers as  to  the  economy  of  any  higher  voltage  than  3000.  The 
answer  to  this  question  depends  solely  on  the  cost  of  substations 
and  locomotives.    If  the  increase  in  the  cost  of  locomotives  is 
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going  to  be  a  large  percentage  of  the  cost  of  3000-volt  locomo- 
tives, the  limit  would  be  very  soon  reached,  but  this  depends 
entirely  on  the  type  of  locomotive  that  is  adopted,  and  the  use 
of  the  twin-armature  bi-polar  motor  places  a  very  different 
light  on  this  question  of  cost  from  what  would  appear  with  the 
older  forms  of  motors.  As  a  matter  of  fact,  it  appears  that  the 
additional  cost  of  a  locomotive  designed  for  5000  volts  over  what 
for  3000  volts  will  be  a  very  small  percentage  of  the  total  cost, 
while  the  decrease  in  the  cost  of  substation  and  feeder  copper 
will  be  a  very  considerable  proportion.  It,  therefore,  seems 
inevitable  that  a  higher  voltage  than  3000  will  be  utilized  in 
the  near  future,  and  whether  this  voltage  will  be  5000,  4200 
or  6000,  is,  to  a  certain  extent,  immaterial. 

The  advantage  of  a  standard  which  can  be  adopted  by  uni- 
versal consent  is  so  great  that  I  feel  that  every  effort  should  be 
made  to  reach  one  at  the  earliest  possible  date.  If  we  can  get 
together  and  decide  on  something  which  we  feel  will  be  proper 
and  fundamental,  as  Mr.  Townley  has  expressed  it,  we  will  be 
doing  far  better  than  by  trying  so  many  steps  along  the  line. 

In  a  paper  which  I  recently  presented  in  England,  I  stated 
that  in  a  country  where  there  is  an  autocratic  government,  one 
man  can  decide  on  what  is  going  to  be  the  standard.  In  another 
country,  where  there  is  absolute  independence  and  individual 
initiative,  there  may  be  a  hundred  (Afferent  things  proposed 
and  used  to  accomplish  the  same  purpose.  In  the  first  case 
while  the  man  may  not  decide  on  the  best  system,  it  would  prob- 
ably nevertheless  operate  more  satisfactorily  than  in  the  latter 
case  where  there  are  so  many  different  schemes,  because  the  cost 
of  manufacture  in  the  first  case  will  be  very  much  less  and  every- 
one will  become  familiar  with  the  one  system  and  kind  of  ap- 
paratus, and  the  operation  will  undoubtedly  become  satisfactory 
even  though  there  may  be  some  other  system  which  would  have 
been  a  little  cheaper  under  the  same  conditions.  At  present,  we 
are  required  to  design  apparatus  to  meet  many  different  systems 
which  are  really  intended  to  perform  the  same  work.  In  this 
way,  the  cost  of  development  and  manufacture  runs  up  to  an 
enormous  figure,  which  the  operating  companies  must  even- 
tually pay  for. 

Mr.  Sprague  has,  as  usual,  given  a  spicy  addition  to  the  dis- 
cussion of  the  paper,  although  one  must  search  a  long  time 
before  finding  wherein  it  applies  to  the  subject  under  discussion. 
It  would  appear  that  he  assumes  from  the  fact  that  Mr.  Renshaw, 
who  represents  the  company  which  has  been  responsible  for 
practically  all  of  the  successful  single-phase  installations  in  this 
country,  has  presented  a  paper  outlining  the  possibilities  of  high- 
voltage  d-c.  apparatus,  that  the  single-phase  system  is,  there- 
fore, dead.  A  little  further  investigation  of  the  question  will 
prove  to  Mr.  Sprague's  satisfaction  that  the  single-phase  system 
is  very  much  alive. 

Mr.  Sprague  has  quoted  one  of  my  previous  statements  in 
regard  to  the  influence  of  cost  on  the  system  of  electrification. 
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I  Still  hold  that  the  ultimate  decision  will  be  based  on  the  first 
cost  and  the  cost  of  operation,  provided  the  systems  are  equally 
reliable.  It  is  certain  that  reliability  is  going  to  be  a  prime 
factor,  but  reliability  is  a  relative  term.  There  are  many  things 
on  a  railroad  which  cause  delays  to  traffic.  If  the  number  of 
delays  incident  to  matters  entirely  apart  from  the  power  system 
is  very  large  in  comparison  with  the  number  due  to  the  electri- 
cal equipment,  the  question  of  reliability  of  the  latter  becomes 
of  less  importance.  600-volt  apparatus  would  doubtless  be 
more  reliable  than  any  of  the  so-called  high-voltage  or  single- 
phase  systems,  but  the  value  of  the  small  additional  reliabifity 
wotdd  be  far  less  than  the  extra  cost  of  electrifying  a  long  line 
with  this  voltage. 

C.  Renshaw:  Mr.  Sprague's  principal  point  of  disagreement, 
if  I  understand  him  rightly  is  that  my  simile^  was  somewhat 
overdrawn,  when  I  asserted  that  it  was  practically  a  universal 
belief,  ten  years  ago,  that  600  volts  was  the  maximum  d-c. 
railway  potential,  since  even  at  that  time  he  had  predicted 
some  of  the  things  which  have  now  come  to  pass.  Aside  from 
this  minor  point,  however,  I  judge  from  his  remarks  that  he 
agrees  substantially  with  the  ideas  I  have  expressed. 

Mr.  Davis  points  out  that  with  a  given  train  unit  the  prob- 
lem of  distribution  is  simplified  as  the  number  of  tracks  increase. 
A  certain  minimum  size  of  trolley  wire  must  be  used  over  each 
track  for  mechanical  strength  and  with  two  or  three  or  four 
tracks,  the  combined  conductivity  of  the  several  trolley  wires 
andof  the  various  rails  in  parallel  necessitates  a  less  amount 
of  auxiliary  feeder  than  if  only  a  single  track  were  electrified. 
Stated  in  another  way,  with  a  fixed  amount  of  auxiliary  feeder, 
the  greater  the  number  of  tracks  the  lower  the  voltage  which 
can  be  used  with  a  given  economy  of  distribution. 

While  it  might  be  inferred  from  Mr.  Davis's  remarks  that 
in  view  of  these  facts,  he  would  advocate  selecting  the  voltage 
for  any  given  electrification  according  to  such  circumstances 
and  thus  perhaps  using  1200  volts  in  one  case,  1500  volts  in 
the  next,  2400  volts  in  a  third,  3000  volts  in  a  fourth,  etc.,  I 
believe  that  he  merely  wished  to  call  attention  to  the  principle 
rather  than  to  advocate  such  a  multiplicity  of  voltages  for  future 
heavy  electrifications. 

Mr.  Davis  states  also,  that  since  motor-generator  sets  and 
synchronous  converters  are  usually  designed  to  stand  three  times 
normal  load  for  short  periods,  there  will  be  no  saving  in  the  total 
amount  of  substation  apparatus  by  increasing  the  load  factor 
beyond  33  per  cent.  This  analysis,  however,  overlooks  the  fact 
that  the  machines  which  have  been  designed  to  stand  three  times 
normal  load  have  been  made  in  this  way  to  suit  the  loads  which 
they  must  carry  and  not  because  such  designs  give  the  most 
desirable  or  the  least  expensive  machines. 

Finally,  Mr.  Davis  states  that  as  a  rule  the  cost  of  the  loco- 
motives for  any  given  electrification  will  approximate  one-third 
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of  the  total  cost  and  that  it  there  is  a  material  increase  in  the 
cost  per  locomotive  for  a  higher  voltage  as  compared  with  a 
lower  one,  this  increase  might  prove  the  determining  factor. 
This  fact  is  so  obviously  true  that  I  thought  it  unnecessary  to 
mention  it.  The  cost  of  equipments  for  1200  volts,  however, 
is  but  little  more  than  that  of  similar  ones  for  600  volts.  Pre- 
sumably, also,  the  cost  of  locomotives  for  3000  volts  has  not 
proved  materially  greater  than  that  of  equivalent  ones  for  2400 
volts.  It  seems  probable  from  careful  estimates  that  in  view 
of  the  improved  types  of  construction  that  are  available,  loco- 
motives for  5000  volts  can  be  built  so  as  to  cost  but  little  more 
than  if  made  for  3000  volts,  and  all  of  the  statements  in  the 
paper  with  regard  to  the  use  of  5000  volts  have  been  based  upon 
this  idea. 

Mr.  Potter  agrees  that  my  comments  on  the  unfortunate 
circumstances  that  have  given  us  electrifications  at  both  2400 
and  3000  volts  are  in  the  main  well  taken,  and  this  broad- 
minded  position  on  the  part  of  a  man  of  Mr.  Potter's  ability  and 
attainments  is  the  most  hopeful  sign  in  the  entire  discussion. 
With  this  point  appreciated,  ever>-one  must  surely  see  the  desir- 
ability in  future  of  avoiding  similar  multiplications  of  voltages 
as  far  as  possible,  and  as  it  was  to  point  out  this  fact  that  the 
paper  was  primarily  written,  I  feel  decidedly  encouraged  by 
this  statement  from  Mr.  Potter. 

Mr.  Potter  suggests  a  change  in  the  last  sentence  of  the  paper 
where  I  said  that  if  5000- volt  apparatus  were  ''commercially 
available"  such  and  such  would  be  the  case.  He  suggests  the 
words  "commercially  economic,"  instead  of  commercially  avail- 
able. Such  a  change,  however,  would  not  in  any  way  affect 
the  meaning  which  I  intended  the  sentence  to  convey,  for  to 
my  mind,  the  apparatus  which  is  out  of  line  in  cost,  is  not 
commercially  available. 

Another  portion  of  Mr.  Potter's  remarks  which  appealed 
particularly  to  me  was  that  in  regard  to  the  collection  of  current. 
After  saying  that  this  had  seemed  to  be  a  great  problem  and 
that  some  years  of  study  had  been  given  to  it,  he  adds  "The 
solution  was  found  to  be  rather  simpler  than  anticipated." 
This  sentence  appealed  to  me  because  I  believe  that  some  day 
I  will  have  the  pleasure  of  hearing  Mr.  Potter,  and  some  of  the 
other  gentlemen  who  have  commented  upon  the  paper,  use 
these  same  words  in  regard  to  the  employment  of  apparatus 
for  5000-volt  direct  current  and  the  standardization  of  voltages 
for  heavy  electric  traction. 

Mr.  Townley  agrees  that  a  potential  of  3000  volts  is  not  high 
enough  to  hold  the  field  of  heavy  electric  traction,  but  he  is  not 
sure  that  even  5000  volts  will  do  this.  He  announces,  also, 
that  he  is  against  standardization,  seemingly  because  he  believes 
standardization  tends  to  discourage  advances  in  the  art. 

With  regard  to  the  last  idea  it  seems  to  me  that  just  the  op- 
posite is  true.     Nothing  tends  to  encourage  the  development  of 
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an  industry  so  much  as  a  semi-permanence  and  general  inter- 
changeability  of  the  apparatus  for  carrying  it  on,  and  no  class 
of  apparatus  can  be  really  developed  on  a  commercial  basis 
unless  its  use  for  a  reasonable  term  of  years  is  assured.  I 
believe  therefore  that  it  would  be  much  more  encouraging  to 
the  art  of  heavy  electric  railroading  if,  instead  of  emplojdng  a 
little  higher  voltage  in  each  successive  case,  where  d-c.  apparatus 
is  used,  some  definite  voltage,  sufficiently  high  to  meet  all  reason- 
able requirements,  was  generally  recognized  as  being  standard. 

Replying  to  Mr.  Oesterreicher,  I  had  not  mentioned  storage 
batteries  in  connection  with  high-voltage  d-c.  roads,  since  as 
far  as  I  know  it  has  never  as  yet  been  necessary  to  consider  their 
use  seriously  on  such  roads  in  America.  I  see  no  reason,  how- 
ever, why  batteries  could  not  be  arranged  for  5000- volt  direct 
current  if  this  was  necessary. 

Mr.  Wood  has  made  a  good  point  by  indicating  that  it  is  not 
so  much  the  cost  of  electrical  apparatus  as  its  worth  which  con- 
cerns the  railroad  man,  since  the  cost  of  the  electrical  part  of 
the  system  is  a  comparatively  small  part  of  the  total.  'The  rail- 
road man",  he  says,  ** wants  something  he  can  be  sure  is  going 
to  operate  continuously  and  reliably  and  that  is  the  end  to  which 
all  efforts  at  standardization  should  be  directed." 

It  is  obvious  that  if  the  skill  of  the  various  available  designers 
can  be  constantly  applied  to  perfecting  the  details  of  any  given 
apparatus,  rather  than  to  changing  its  fundamental  character, 
the  results  Mr.  Wood  is  looking  for  are  more  likely  to  be  secured. 
If  the  railroad  man,  also,  is  offered  something  that  is  already 
in  use  he  can  be  much  more  certain  of  the  results  he  will  obtain. 
I  believe  Mr.  Wood's  remarks  therefore  are  strongly  in  favor 
of  the  policy  I  have  been  advocating,  of  choosing  the  right  thing 
for  any  given  class  of  work  as  quickly  as  possible  and  then  stick- 
ing to  it. 

Mr.  Pannell,  in  advocating  the  use  of  motors  wound  directly 
for  1200  volts  rather  than  of  two  600- volt  motors  in  series,  in 
cases  where  the  cars  are  not  required  to  run  at  full  speed  on  600 
volts  over  part  of  their  route,  has  overlooked  one  important 
fact.  Where  a  manufacturer  builds  motors  for  operating  on 
600  volts,  as  well  as  for  1200  volts,  a  considerable  investment  in 
drawings,  patterns,  tools,  etc.,  can  be  saved  by  the  use  of  the 
same  motors  with  minor  changes  for  the  two  voltages,  instead 
of  radically  different  designs.  In  arguing  that  1500  volts  is 
about  the  maximtun  potential  which  can  be  applied  to  a  railway 
motor  commutator  in  service  and  that  to  allow  not  more  than 
two  motors  in  series  he  would  therefore  set  the  maximum  trolley 
potential  at  3000  volts,  he  has  apparently  forgotten  the  double 
armature  motor  which  Mr.  Storer  described  and  which  with 
1500  volts  per  conmiutator  and  two  motors  in  series  would  per- 
mit a  trolley  voltage  of  6000. 

Mr.  Haar  inquires  why  the  particular  voltage  of  5000  was 
chosen,  since  it  is  not  a  direct  multiple  of  600,  1200.  or  1500. 
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In  undertaking  to  produce  d-c.  apparatus  for  a  voltage  high 
enough  to  be  suitable  as  a  standard  for  a  reasonable  period  of 
years,  we  started  to  design  our  apparatus  for  4800  volts,  or 
double  the  value  of  2400  volts,  then  the  maximum  contemplated. 
This  was  later  raised  to  5000,  however,  since  it  had  a  more 
euphonious  sound  than  4800.  As  a  matter  of  fact  our  experi- 
mental line  has  been  operated  at  about  5300  volts  and  the  ap- 
paratus was  tried  on  the  test  track  with  voltages  up  to  7000. 

I  am  not  particularly  concerned  with  the  exact  value  of  the 
voltage  chosen,  whether  this  be  called  4800,  5000,  5500,  or  6000. 
since  by  the  term  "5000  volts'*  in  the  paper,  I  have  intended  to 
include  anything  in  this  range.  The  fundamental  point  which 
I  have  been  frying  to  make,  is  that  some  voltage  in  the  neighbor- 
hood of  5000  should  be  generally  recognized  as  a  standard  for 
heavy  electric  traction  so  that  d-c.  electrifications  can  be  in- 
stalled with  some  degree  of  uniformity,  instead  of  on  a  basis 
which  will  give  each  one  a  voltage  just  enough  higher  than  its 
predecessor  to  be  different  without  being  sufficiently  high  to 
be  adhered  to  in  the  next  case. 

Mr.  Schwartz  is  apparently  possessed  by  the  same  fear  which 
Mr.  Townley  has  expressed,  that  standardization  tends  to  limit 
progress.  I  believe  I  have  covered  his  points  sufficiently  in 
replying  to  Mr.  Townley's  remarks. 

In  referring  to  the  discussion  presented  by  Mr.  Armstrong 
the  first  thing  to  be  done  is  to  free  oneself  from  the  confusion 
created  by  his  way  of  grouping  2400  and  3000  volts  together  as 
though  they  were  one  and  the  same,  instead  of  being  different 
systems,  sufficiently  far  apart  to  be  entirely  distinct  and  yet  so 
close  together  that,  as  emphasized  by  Mr.  Potter,  it  is  unfor- 
tunate that  we  have  both  of  them.  Taking  up  his  question, 
then,  as  to  what  has  discredited  these  two  systems  for  heavy 
electric  traction,  I  would  reply  that  as  far  as  the  2400- volt 
system  is  concerned,  Mr.  Armstrong  himself  discredited  it  by 
ruthlessly  abandoning  it  in  favor  of  3000  volts  when  the  first 
real  railroad  was  presented  to  him  for  electrification. 

As  to  the  3000-volt  system,  nothing  has  as  yet  "discredited" 
it.  The  St.  Paul  electrification  at  3000  volts  is  a  magnificent 
piece  of  work,  but  so  is  the  New  York  Central  electrification  at 
650  volts,  and  there  is  no  more  reason  to  suppose  now  that  the 
former  represents  the  magic  limit  of  voltage  for  minimum  cost 
than  there  was^  few  years  ago  to  suppose  the  same  thing  about 
the  New  York  Central.  I  believe,  in  fact,  that  if  Mr.  Sprague 
would  hunt  up  the  bibliography  with  even  a  small  part  of  the 
assiduity  he  has  used  in  preparing  his  discussion,  he  could  show 
that  only  a  few  years  ago  Mr.  Armstrong  himself  was  just  as 
positive  that  the  650-volt  system  was  the  only  rational  way  to 
electrify  a  railroad,  as  he  now  is  that  there  is  no  possible  reason 
for  using  more  than  3000  volts.  I  have  great  hopes,  therefore, 
that  Mr.  Armstrong  will  keep  on  raising  his  voltage  and  that  if 
we  give  him  sufficient  time,  it  will  sooner  or  later  reach  5000 
I  will  hence  waste  no  effort  in  trying  to  convince  him  now. 
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While  it  is  true  that  the  operation  of  one  400-h.  p.  car  for  35,000 
miles  constitutes  the  sole  commercial  experience  with  5000-volt 
direct  current,  this  is  a  much  greater  experience  than  was  avail- 
able when  the  first  line  was  built  to  operate  at  a  voltage  of  1200 
instead  of  600,  or  when  the  first  electrification  was  undertaken 
using  2400  volts  instead  of  1200.  From  this  standpoint,  there- 
fore, the  matter  seems  in  reasonably  good  shape. 

"It  may  seem  attractive**,  says  Mr.  Armstrong,  *'to  always 
consider  the  use  of  still  higher  voltages**  but  to  me  it  decidedly 
does  not  seem  attractive  and  it  is  in  the  effort  to  set  others  think- 
ing of  the  obvious  disadvantage  of  such  a  procedure  that  all  of 
my  energies  have  been  directed.  In  the  period  referred  to  in 
the  beginning  of  the  paper,  600  volts  was  the  established  standard 
for  electric  railways,  so  that  *'an  electric  railway*'  meant  a 
600-volt  d-C'  electric  railway.  This  particular  standardization 
on  600-volt  direct  current,  was  not  brought  about  by  action  of 
the  A.  I.  E.  E.,  or  any  similar  body,  but  by  general  recognition 
of  the  merits  of  the  case  by  manufacturers  and  users  of  the 
apparatus.  It  was  nevertheless  very  effective.  When  it  was 
proposed  to  build  or  equip  a  given  line  in  those  days  there  was 
no  question  as  to  voltage,  or  system,  to  confuse  the  main  issue 
of  whether  the  work  should  or  should  not  be  undertaken,  and 
it  was  during  this  period  that  most  of  our  present  city  and  inter- 
urban  railways  were  built. 

To  establish  the  same  conditions  in  the  field  of  heavy  traction 
at  this  time,  is  of  course  a  much  more  difficult  matter,  but 
there  is  no  question  that  the  advantage  to  all  concerned  would 
be  equally  great  could  this  be  done.  It  is  not  my  idea  that  such 
a  standardization  could  be  brought  about  by  any  resolution  or 
recommendation  of  the  Institute,  and  in  suggesting  the  adoption 
of  a  standard  I  had  no  such  action  in  mind.  If  standardization 
comes,  it  must  be  by  a  general  consensus  of  opinion,  as  in  the 
case  of  600  volts,  and  my  real  object  has  been  to  start  such  an 
idea. 

Most  of  the  speakers  who  took  part  in  the  discussion  seem 
to  have  allowed  themselves  to  be  misled  by  the  difficulty  of  the 
problem.  Not  seeing  any  way  to  bring  about  such  a  standard- 
ization of  voltage  immediately,  they  have  felt  forced  to  speak 
against  the  necessity  or  the  desirability  of  it.  No  great  work 
is  ever  accomplished,  however,  without  a  great  deal  of  thought 
and  planning  and  dreaming  long  in  advance  of  the  realization, 
and  if  I  have  succeeded  in  starting  some  of  this  thought  or  plan- 
ning or  dreaming,  I  will  feel  that  the  first  steps  have  been  taken. 
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ELECTROCHEMICAL  INDUSTRIES  AND  THEIR  INTEREST 
IN  THE  DEVELOPMENT  OF  WATER  POWERS 


BY  LAWRENCE  ADDICKS 


Abstract  of  Paper 
The  electrochemical  industries  have  grown  to  be  of  great 
value  to  this  country;  they  have  a  fundamental  interest  in 
the  development  of  cheap  power;  they  offer  nearly  ideal  power 
loads  of  magnitude;  they  must  be  located  strategically  as  regards 
supplies  and  markets;  Niagara  power  is  not  cheap  enough  nor 
is  it  suflBcient  in  its  present  state  of  development  to  afford 
growth  to  these  industries;  the  industries  have  so  far  been 
hardly  strong  enough  to  develop  large  powers  themselves;  great 
expansion  should  follow  the  development  of  cheaper  power  in 
accessible  locations;  and  the  country  is  vitally  interested  in 
the  development  of  the  nitrate  industry,  which  must  have  very 
cheap  power  in  great  quantity  in  order  to  exist.  In  view  of 
all  these  considerations,  a  liberal  water  power  policy  on  the 
part  of  th^  government  would  seem  to  be  a  step  in  the  right 
direction. 


'  I  ^HE  INDUSTRIAL  processes  founded  upon  electrochemistry 
^  have  a  part  in  the  manufacture  of  a  very  wide  range  of 
commercial  products.  By  definition  they  all  require  electric 
power  in  greater  or  less  quantity  and  in  many  instances  power 
is  a  large  item  in  the  cost  sheet.  The  power  requirements  vary 
enormously,  however,  in  different  cases,  and  many  other  consid- 
erations enter  into  the  determination  whether  a  given  industry 
can  flourish  in  a  given  location.  It  is  the  purpose  of  this  paper 
to  point  out  briefly  the  interrelation  of  some  of  these  factors  and 
the  interest  the  industries  have  in  the  development  of  cheap  power. 
The  electric  current  may  be  used  for  its  chemical  effect,  giving 
oxidation  products  at  the  anode  and  reduction  products  at  the 
cathode  in  an  electrolytic  cell;  or  it  may  be  used  for  its  heat 
effect  in  an  electric  furnace,  where  high  temperatures  and  a  con- 
trolled atmosphere  are  desirable;  or  both  effects  may  be  utilized, 
as  in  the  electrolysis  of  fused  salts.  Finally,  we  have  the  effects 
of  electric  discharges  through  gases. 

It  is  not  generally  appreciated  to  what  extent  electrochemical 
processes  have  entered  into  some  phase,  at  least,  of  nearly  every 
branch  of  our  industrial  life.     A  small  beginning  in  electro- 
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p!  »im>;  two  ^H'tierations  a^o  has  developed  until  the  great  ma- 
iMi  ii  \  {A  the  copper  output  of  the  world  is  electrolytically  refined; 
.ilv  n  I .  thus  parted  from  gold,  and  gold  from  theplatinummetals, 
l»i  .mill h  hearing  lead  can  be  successfully  treated,  electrolytic 
nu  kitl  is  well  known,  and  zinc  and  tin  so  refined  are  appearing 
ill  tlu;  market.  In-general,  electrolytic  refining  not  only  increases 
tlu;  jiurity  of  the  metal  but  makes  possible  the  recovery  of  the 
iiuiiurities  as  byproducts,  thus  greatly  cheapening  the  cost  of 
some  (A  the  less  common  elements. 

The  electrolysis  of  common  salt  is  the  basis  of  the  electrolytic 
alkali  industry,  the  products  of  which  are  caustic  soda,  the  start- 
ing [)oint  for  various  chemical  industries,  and  used  in  very  large 
quantities  in  soap  making,  mercerizing  cotton,  etc.;  metallic 
sodium,  also  used  as  a  foundation  for  other  products,  such  as  the 
cyanide  so  largely  used  in  the  metallurgy  of  silver  and  gold; 
chlorates,  used  in  the  manufacture  of  matches,  certain  explosives, 
etc.;  hypochlorites,  of  value  for  bleaching;  chlorine,  employed 
as  a  sterilizing  and  chloridizing  agent  and  for  the  formation  of 
bleach. 

The  electric  furnace  has  created  a  host  of  new  industries. 
Very  briefly,  the  chief  products  consist  of  abrasives,  such  as 
carborundum,  alundum,  aloxite,  etc.;  graphite;  silicon;  ferro- 
alloys, such  as  ferro-silicon,  -manganese,  -chrome,  -tungsten, 
-vanadium  and  others,  which  are  used  in  the  steel  industry-  for 
producing  sound  ingots,  hardening,  making  special  steels,  high- 
speed tool  steel,  armor  plate,  etc. ;  refined  steel  of  crucible  grade; 
phosphorus  by  distillation;  calcium  carbide,  used  in  the  genera- 
tion of  acetylene  and  in  the  manufacture  of  cyanimid;  and  so  on. 
It  is  also  being  tried  out  experimentally  as  a  competitor  of  the 
combustion  furnace  in  the  metallurgy  of  many  metals.  Used  as 
an  electrolytic  furnace,  we  have  the  very  important  application 
to  the  production  of  aluminum. 

The  industrial  use  of  electric  discharges  through  gases  is  still 
in  its  infancy,  but  we  have  ozone  and  nitric  acid  among  the 
products,  the  former  used  for  sterilization  and  the  latter  as  a 
base  for  fertilizers  and  explosives. 

This  brief  review  of  electrochemical  products  is  by  no  means 
exhaustive.  If  it  were  followed  to  a  logical  conclusion  and  a  list 
made  of  all  the  uses  of  all  the  products  it  would  be  a  formidable 
affair,  but  I  think  enough  has  been  said  to  establish  the  first 
point  that  I  wished  to  make,  namely,  that  electrochemistry 
today  plays  a  large  part  in  our  industrial  life  and  that  its  in- 
dustries are  more  important  than  the  public  at  large  realizes. 
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Now  every  one  of  these  industries  consumes  large  quantities 
of  energy.  Starting  at  the  bottom,  we  have  the  refining  of  lead 
at  120  kw-hr.  per  ton,  and  of  copper  at  300  kw-hr.  per  ton. 
Where  diaphragms  are  used,  as  in  nickel  refining,  the  power 
rises  to  about  3000  kw-hr.  per  ton.  Where  insoluble  anodes  are 
used  for  the  recovery  of  a  metal  from  solution,  the  power  will 
range  from  700  to  4000  kw-hr.  per  ton,  depending  upon  the  metal, 
the  amount  of  depolarization  at  the  anode,  and  of  course  the 
current  density. 

Turning  now  to  electric  furnaces,  an  ordinary  melting  opera- 
tion, such  as  casting  an  alloy  or  refining  steel,  generally  requires 
from  600  to  1000  kw-hr.  per  ton.  In  the  production  of  ferro- 
alloys, which  is  really  a  smelting  operation,  a  large  amount  of 
energy  is  consumed  by  the  endothermic  reaction,  and  the  power 
used  runs  from  3000  to  8000  kw-hr.  per  ton  of  product,  depending 
upon  the  grade  of  alloy  made.  The  aluminum  furnace  requires 
25,000  kw-hr.  per  ton  of  product.  The  electrolytic  refining, 
alkali  and  aluminum  industries  require  direct  current ;  the  graph- 
ite, carborundum,  melting  and  ferro-alloy  furnaces  use  alter- 
nating current.  In  general  low  voltage  and  high  amperage,  is 
employed.  In  the  case  of  alternating  current  this  is*  readily 
obtained  by  the  use  of  suitable  transforming  units;  in  the  direct- 
current  processes  it  is  customary  to  connect  a  sufficient  ntunber 
of  cells  or  furnaces  together  to  obtain  a  reasonable  line  voltage. 
Individual  industries  in  plants  of  modem  commercial  size  require 
blocks  of  energy  ranging  from  5000  to  50,000  kw.,  and  it  is 
self-evident  that  the  charge  for  energy  in  such  quantities  is  a 
vital  item  in  the  cost  sheet.  And  this  brings  us  to  the  question 
of  what  is  cheap  power. 

Twenty  years  ago  Niagara  power  was  cheap,  but  in  the  mean- 
time steam  power  has  made  such  strides  that  Niagara  and  similar 
water  power  developments  can  no  longer  be  considered  the 
exclusive  sources  of  electrolytic  power.  In  so  speaking  I  am  of 
course  not  considering  the  very  low  rates  which  were  made  on 
a  few  contracts  in  the  early  days  at  Niagara,  but  of 
the  present  rate  of  about  0.3  cent  per  kw-hr.  ($20  a  horse 
power-year).  With  the  very  high  economy  of  the  large  turbo- 
alternator  it  is  quite  possible  to  meet  this  figure  by  locating  a 
plant  near  some  of  the  coal  fields.  It  is  therefore  idle  to  discuss 
any  new  source  of  power  higher  in  cost  than  Niagara. 

It  is  often  suggested  that  electrolytic  plants  could  be  operated, 
to  advantage  on  off-peak  power.  This  is  seldom  practical.  In 
the  first  place,  to  shut  the  power  off  for  several  hours  in  many 
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cases  creates  very  undesirable  chemical  conditions;  then,  in 
most  electric  furnace  processes  there  is  a  loss  of  heat  while  stand- 
ing which  calls  for  the  expenditure  of  excess  energy  upon  starting 
up;  and  finally,  there  is  the  loss  of  production  due  to  several 
hours*  idleness  to  be  reckoned  with,  and  in  this  connection  it 
must  be  remembered  that  electrolytic  plants  generally  call  for 
heavy  investments,  the  fixed  charges  on  which  need  every  pos- 
sible ton  to  divide  by.  After  these  handicaps  are  properly 
allowed  for,  it  is  only  in  exceptional  cases  that  a  mutually  satis- 
factory contract  can  be  made. 

And  then  we  have  the  power  contract  to  deal  with.  The 
owner  of  the  water  power  generally  requires  that  a  fixed  mini- 
mum annual  sum  shall  be  paid  regardless  of  consumption.  This 
is  naturally  a  little  hard  on  periods  of  low  output.  On  the  other 
hand,  excess  power  is  apt  to  be  either  subject  to  prior  sale  or 
charged  at  an  excess  rate,  so  that  the  manufacturer  has  to 
balance  his  output  on  the  tip  of  his  nose,  so  to  speak,  if  he  is 
going  to  realize  the  advertised  rate  per  kilowatt-hour. 

Next,  we  have  the  difficulty  that  the  power  is  invariably  sold 
as  high-tension  alternating  current,  which  imposes  various 
conduction  and  conversion  losses  on  the  purchaser  which  may 
easily  absorb  15  per  cent  of  the  incoming  power.  The  trans- 
formers and  other  apparatus  represent  a  considerable  invest- 
ment, shattering  another  illusion — that  the  *'  other  fellow  " 
had  to  put  up  all  the  money.  Then  in  some  contracts  we  mustn't 
unbalance  the  phases  or  let  the  power  factor  run  off. 

By  the  time  all  these  allowances  are  made,  the  powder  originally 
spoken  of  as  0.3  cent  per  kw-hr.  is  nearer  0.4  cent,  plus  a  con- 
siderable investment,  a  figure  which  begins  to  approach  the  cost 
of  steam  power  in  the  vicinity  of  New  York  City,  using  buck- 
wheat coal;  and,  as  before  stated,  Niagara  Falls  is  no  longer 
bargain  power.  This  statement  leads  to  a  number  of  questions 
about  as  follows: 

(1)  If  cost  of  power  is  the  great  consideration,  and  Niagara 
Falls  has  no  longer  the  cheapest  power,  why  do  all  the  electro- 
chemical industries  remain  grouped  there? 

(2)  If  electrochemical  industries  have  been  able  to  thrive  on 
present  power  costs,  is  not  the  cry  for  cheaper  power  merely  one 
for  additional  profits? 

(3)  We  have  in  this  country  a  variety  of  fuel  supplies:  why 
are  not  great  central  stations  established  in  some  of  these  fields 
if  the  resulting  power  would  cost  less  than  water  power? 

In  endeavoring  to  answer  some  of  these  questions,  I  hope  to 
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bring  out  the  main  factors  which  have  to  be  considered  in  es- 
tablishing an  electrochemical  industry. 

As  to  the  first  question,  the  cost  of  power,  while  important, 
is  by  no  means  the  whole,  and  often  not  even  the  controlling, 
factor  and  Niagara,  while  an  electrochemical  center,  is  not  the 
sole  residence  of  such  industries.  There  are  three  main  factors 
to  be  considered  in  locating  such  an  industry;  transportation, 
labor  and  power;  and  in  reality  power  may  be  placed  under 
the  transportation  heading,  leaving  but  two.  In  any  industry, 
raw  materials  must  be  carried  to  the  manufactory  and  the 
finished  products  to  their  markets.  As  fuel  can  be  carried  and 
electric  current  can  be  transmitted,  it  is  evident  that  the  in- 
creased cost  of  power  due  to  such  movements  is  simply  a  freight 
item.  The  moment  this  is  realized  the  problem  does  not  differ 
from  that  presented  by  any  other  manufacturing  operation. 
Where  raw  materials  are  bulky  and  the  product  and  power  used 
are  not,  the  work  will  be  carried  on  near  the  source  of  the  raw 
material,  as  in  the  case  of  a  plant  for  reducing  copper  from  its 
ores.  Where  power  or  fuel  is  bulky  it  may  become  the  con- 
trolling factor.  In  zinc  metallurgy,  for  example,  the  ores  are 
rich  and  it  takes  three  tons  of  coal  to  smelt  one  ton  of  zinc. 
Zinc  smelters  are  therefore  located  in  the  fuel  belts.  An  electro- 
chemical instance  is  aluminum.  Here  the  ore  is  carried  great 
distances  in  order  to  avoid  the  transmission  of  25,000  kw-hr. 
per  ton  of  aluminum  produced.  Then  again,  the  process  may 
not  greatly  change  the  bulk  of  the  raw  materials,  as  in  refining 
operations,  but  transportation  still  governs.  In  electrolytic 
copper  refining  the  plants  are,  with  a  single  exception,  at  tide 
water.  Here  the  Western  smelters  bring  the  product  up  to  98 
per  cent  copper.  There  is  but  little  dead  weight  in  transporting 
this  crude  copper,  and  the  silver  and  gold  contents  if  separated 
at  the  smelter  would  have  to  travel  by  express.  Also  labor  and 
power  are  cheaper  at  tide  water  where  the  market  is,  than  in 
the  Rocky  Mountains  where  the  smelters  are.  The  one  excep- 
tion at  Great  Falls,  Montana,  is  where  an  exceptionally  cheap 
water  power  exists  at  the  smelter,  precious  metal  contents  are 
low,  and  there  is  the  possibility  of  considering  Western  markets 
and  movements  via  the  Panama  canal.  Finally,  labor  is  a  large 
item.  If  we  assume  that  a  man  earns  $3.00  a  day  and  that 
power  costs  0.3  cent  a  kw-hr.,  the  two  are  of  equal  importance 
when  an  industry  uses,  on  a  24-hour  day,  42  kw.  per  employee. 
By  no  means  all  the  electrochemical  industries  use  such  a  pro- 
portionate amount  of  power.     I  think  enough  has  been  said  to 
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show  that  an  appreciation  of  geographical  values  is  of  the  utmost 
importance  and  that  power  is  of  purely  relative  value. 

If  we  examine  the  industries  grouped  around  Niagara  Falls, 
we  shall  find  that  practically  all  of  them  have  been  created  in  the 
last  25  years ;  that  many  of  them  use  as  raw  materials  such  things 
as  carbon,  salt,  silica,  etc.,  which  are  obtainable  within  a  rea- 
sonable distance;  and  that  they  are  chiefly  those  electric  furnace 
operations  which  rate  among  the  larger  power  consumers  in  the 
electrochemical  list.  .  Now,  the  investment  called  for  in  electro- 
chemical plants  is  generally  high,  and  it  can  be  readily  understood 
that  it  is  a  very  welcome  lessening  of  obligation  in  starting  a  new 
industry  to  be  able  to  cut  out  the  money  which  would  be  tied 
up  in  a  private  power  plant.  Also,  really  low  costs  on  steam 
power  can  not  be  obtained  until  a  load  of  about  15,000  kw.  is 
built  up.  Then,  Niagara  Falls  is  in  a  strong  location  as  far  as 
transportation  facilities  are  concerned.  Water  transportation 
through  the  Great  Lakes  is  at  hand  and  Buffalo  is  a  railroad 
center.     The  labor  market  is  also  good. 

As  to  the  second  question,  whether  0.3  cent  per  kw-hr.  is  not 
low  enough  to  allow  any  electrochemical  industry  to  thrive,  it  is 
simply  a  matter  of  competition.  Useful  as  electrochemical 
products  have  proved,  they  are  not  necessary  to  sustain  life; 
we  got  along,  after  a  fashion,  a  quarter  of  a  century  ago  before 
most  of  them  were  heard  of.  We  must  remember,  however, 
that  every  one  of  these  products  has  had  to  win  its  way  against 
competition.  Graphite  and  the  abrasives  have  had  to  compete 
with  natural  graphite  and  emery;  aluminum  had  wood  and 
copper  to  displace;  the  alkali  products  can  be  produced  chemic- 
ally; the  ferro-alloys  can  be  made  in  blast  furnaces;  electrolytic 
refining  had  fire  methods  to  compete  with;  electric  steel  refining 
replaced  the  crucible  method;  and  so  on.  It  is  quite  con- 
ceivable that  power  costs  should  be  so  high  that  the  older  pro- 
cesses in  some  cases  might  revive.  On  the  other  hand,  electro- 
chemical processes  are  in  their  infancy  and  a  decrease  in  the 
cost  of  power  is  bound  to  stimulate  new  lines  of  production.  It 
is  quite  within  the  range  of  possibility  that  many  of  the  com- 
bustion furnaces  now  used  in  metallurgy  can  be  some  day  replaced 
by  one  or  another  type  of  electric  furnace.  Hydrometallurgy, 
which  is  closely  linked  with  electrodeposition,  has  also  a  large 
field  before  it.  The  question  of  electrical  action  on  gases  is  a 
most  promising  possibility  for  development.  Take  the  fixation 
of  atmospheric  nitrogen,  one  of  the  largest  technical  problems 
which  this  nation  has  to  face  today.    We  import  large  quantities 
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of  Chilean  nitrate  every  year.  Our  only  local  sources  are  de- 
composing organic  matter  and  a-  small  quantity  of  byproduct 
ammonia  salts.  Nitrogen  is  a  necessary  constituent  of  fertilizer 
and. is  the  base  of  all  explosives.  The  military  recklessness  of 
being  forced  to  depend  upon  imported  material  for  the  manu- 
facture of  ammunition  in  these  troublous  times  has  recently 
brought  this  question  very  much  to  the  front.  There  are  several 
methods  of  fixing  the  nitrogen  of  the  atmosphere  in  use  abroad. 
Two  of  these  processes,  the  oxidation  of  nitrogen  in  the  electric 
arc  and  the  conversion  of  calcium  carbide  into  cyanimid,  are 
suitable  for  commercial  development  in  this  country,  and  in  fact 
there  is  already  a  large  plant  devoted  to  the  cyanimid  industry 
at  Niagara  Falls,  Canada.  The  arc  process  requires  large  quan- 
tities of  electric  power ;  several  hundred- thousand  horse  power  are 
so  used  in  Norway.  The  cyanimid  process,  while  chemical, 
requires  calcium  carbide,  an  electric  furnace  product,  as  its  raw 
material.  As  matters  stand  today  it  may  be  necessary  for  the 
government  to  subsidize  this  industry  to  guarantee  its  required 
supply  of  explosives  in  time  of  war.  If  we  had  500,000  h.p. 
available  at  say  0.15  cent  a  kw-hr.,  (a  common  figure  in  Scandi- 
navia) thi3  great  industry  would  develop  at  once  on  a  peace 
basis  on  account  of  the  fertilizer  demands. 

As  to  the  third  question,  our  electrochemical  industries  are 
either  buying  from  some  water  power  company  or  they  are 
generating  power  themselves  from  steam.  The  water  power 
company  naturally  sells  its  output  for  all  that  it  will  bring,  with 
a  weather  eye  on  the  local  cost  of  steam,  and  very  few  industries 
are  large  enough  to  save  this  profit  by  operating  their  own 
hydraulic  plants.  Unfortunately  most  of  our  high-head  water 
powers,  which  are  capable  of  development  on  a  small  scale  and 
with  moderate  investment,  are  on  the  Pacific  coast  where  mar- 
kets do  not  yet  exist  for  many  electrochemical  products.  Most 
of  the  latter  are  of  such  a  nature  that  they  serve  only  as  raw 
material  in  manufacturing  operations  conducted  chiefly  on  the 
Atlantic  seaboard.  The  time  may  come  when  various  electro- 
chemical industries  will  associate  in  a  cooperative  power  develop- 
ment. In  this  case  the  eastern  coal  fields  will  be  carefully  con- 
sidered, especially  as  many  of  the  processes  require  large  quan- 
tities of  coal  for  operations  entirely  apart  from  electrochemistry, 
such  as  evaporating  or  heating  liquors,  reverberatory  smelting, 
etc.  Near  a  sufficient  and  suitable  supply  of  water  for  boiler 
feed  and  condensing,  and  close  to  the  coal  mines,  a  mammoth 
steam  plant  could  certainly  give  a  lower  power  cost  than  now 
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obtainable  at  Niagara.  Perhaps  the  chief  objection  to  such  a 
scheme  would  be  the  present,  unsatisfactory  labor  situation  in 
the  coal  fields. 

Then  we  have  the  various  propositions  depending  on  the  use  of 
gas.  Natural  gas  is  fast  disappearing  and  can  no  longer  be  con- 
sidered for  such  a  plan.  The  beehive  coke  oven,  which  used  to 
be  held  up  as  a  glaring  example  of  heat  waste,  is  also  rapidly 
giving  place  to  various  retort  types.  The  use  of  producers 
supplying  gas  engines  begins  to  lose  its  attractiveness  as  the  cost 
of  fuel  decreases,  and  placing  the  steam  plant  near  the  colliery 
deals  a  heavy  blow  to  this  scheme,  which  offers  low  fuel  con- 
sumption as  an  offset  to  great  first  cost  and  lack  of  overload  capac- 
ity. The  byproduct  coke  oven  is  more  attractive,  but  so  far 
it  has  been  linked  up  with  either  the  iron  and  steel  industry  or 
the  production  of  illuminating  gas,  and  it  is  not  very  desirable 
to  be  tied  up  with  another  industry  and  run  the  danger  of  being 
subject  to  the  ups  and  downs  of  industrial  prosperity  in  an  un- 
related field.  Then  we  have  our  peat  deposits,  which  somehow 
never  seem  to  receive  really  serious  consideration. 

If  we  knew  that  there  was  no  hope  of  getting  lower  water 
power  costs,  I  believe  some  great  central  power  plant  would 
eventually  be  established.  The  two  stumbling  blocks  at  present 
in  the  water  power  question  are  government  control  and  the 
great  cost  of  developing  low-head  powers.  One  possible  way  of 
meeting  the  latter  difficulty  is  to  consider  the  value  of  the  develop- 
ment from  other  points  of  view,  such  as  irrigation,  navigation 
or  flood  prevention.  All  the  power  plant  wants  is  the  potential 
energy  in  the  water. 

Summing  up,  the  electrochemical  industries  have  grown  to 
be  of  great  value  to  this  country;  they  have  a  fundamental  in- 
terest in  the  development  of  cheap  power;  they  offer  nearly 
ideal  power  loads  of  magnitude;  they  must  be  located  strategic- 
ally as  regards  supplies  and  markets;  Niagara  power  is  not 
cheap  enough  nor  is  it  sufficient  in  its  present  state  of  develop- 
ment to  afford  growth  to  these  industries;  the  industries  have  so 
far  been  hardly  strong  enough  to  develop  large  powers  them- 
selves; great  expansion  should  follow  the  development  of  cheaper 
power  in  accessible  locations ;  and  the  country  is  vitally  interested 
in  the  development  of  the  nitrate  industry,  which  must  have 
very  cheap  power  in  great  quantity  in  order  to  exist.  In  view  of 
all  these  considerations,  a  liberal  water  power  policy  on  the  part 
of  the  government  would  seem  to  be  a  step  in  the  right  direction. 
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WATER  POWER  DEVELOPMENT  AND  THE 
FOOD  PROBLEM 


BY  ALLERTON  S.  CUSHMAN 


Abstract  of  Paper 

The  great  increase  in  population  of  the  United  States  has  been 
chiefly  in  urban  districts  while  the  increase  in  population  in 
rural  districts  has  been  comparatively  small.  '  This  results«in  a 
continuously  growing  demand  for  food  with  a  relatively  small 
proportion  of  our  population  as  food  producers.  The  produc- 
tion of  some  of  our  most  highly  nitrogenous  food  products  has 
been  steadily  declining  and  American  farmers  have  been  pro- 
ducing less  per  acre  than  European  farmers. 

The  food  supply  depends  in  the  last  analysis  upon  the  plant 
food  supply.  The  production  of  nitrogen,  which  is  one  of  the 
three  principal  fertilizer  ingredients,  is  distinctly  a  water  power 
proposition  involving  the  fixation  of  atmospheric  nitrogen. 
More  than  80  per  cent  of  mixed  fertilizers  produced  in  the  United 
States  is  usea  east  of  the  Allegheny  Mountains,  and  for  the 
fertilizer  problem  the  water  power  must  be  developed  in  those 
parts  of  the  country  where  the  demand  for  intensive  agriculture 
exists.  A  feasible  and  proper  plan  for  water  power  develop- 
ment in  this  country  will  have  a  profound  influence  on  the  de- 
velopment and  distribution  of  cheap  fertilizer  ingredients  which 
are  so  necessary  under  modem  intensive  conditions  in  the  growth 
of  population  and  its  relation  to  agriculture. 


IN  OUR  centennial  year  1876,  just  forty  years  ago,  Thomas 
Huxley,  the  great  English  scientist,  delivered  the  dedica- 
tory address  at  the  formal  opening  of  the  Johns  Hopkins  Univ- 
ersity in  the  City  of  Baltimore.  In  the  course  of  this  address 
he  gave  utterance  to  the  following  pregnant  words: 

To  an  Englishman  landing  upon  your  shores  for  the  first  time,  traveling 
for  hundreds  of  miles  through  strings  of  great  and  well-ordered  cities, 
seeing  your  enormous  actual,  and  almost  infinite  potential,  wealth  in  all 
commodities,  and  in  the  energy  and  ability  which  tarn  wealth  to  account, 
there  is  something  sublime  in  the  vista  of  the  future.  Do  not  suppose 
that  I  am  pandering  to  what  is  commonly  understood  by  national  pride. 
I  cannot  say  that  I  am  in  the  slightest  degree  impressed  by  your  bigness, 
or  your  material  resources,  as  such.  Size  is  not  grandeur,  and  territory 
does  not  make  a  nation.  The  great  issue,  about  which  hangs  a  true 
sublimity,  and  the  terror  of  over-hanging  fate,  is  what  are  you  going  to 
do  with  all  these  things?     What  is  to  be  the  end  to  which  these  are  to  be 
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the  means?  You  are  making  a  novel  experiment  in  politics  on  the  greatest 
scale  which  the  world  has  yet  seen.  Forty  millions  at  your  first  cen- 
tenary, it  is  reasonably  to  be  expected  that,  at  the  second,  these  states 
will  be  occupied  by  two  hundred  millions  of  English-speaking  people, 
spread  over  an  area  as  large  as  that  of  Europe,  and  with  climates  and 
interests  as  diverse  as  those  of  Spain  and  Scandinavia,  England  and 
Russia.  You  and  your  descendants  have  to  ascertain  whether  this  great 
mass  will  hold  together  under  the  forms  of  a  republic,  and  the  despotic 
reality  of  universal  suffrage;  whether  state  rights  will  hold  out  against 
centralization,  without  separation;  whether  centralization  will  get  the 
better,  without  actual  or  disguised  monarchy;  whether  shifting  corruption 
is  better  than  a  permanent  bureaucracy;  and  as  population  chickens  in 
your  great  cities,  and  the  pressure  of  want  is  felt,  the  gaunt  spectre  of 
pauperism  will  stalk  among  you,  and  communism  and  socialism  will 
claim  to  be  heard.  Truly  America  has  a  great  future  before  her;  great  in 
toil,  in  care,  and  in  responsibility;  great  in  true  glory  if  she  be  guided  in 
wisdom  and  righteousness;  great  in  shame  if  she  fail.  I  cannot  understand 
why  other  nations  should  envy  you,  or  be  blind  to  the  fact  that  it  is  for 
the  highest  interest  of  mankind  that  you  should  succeed." 

Thus  spake,  almost  half  a  century  ago,  one  of  the  most  pres- 
cient and  philosophic  minds  that  the  world  has  yet  produced. 
Our  population  has  already  risen  from  forty  to  one  hundred 
million  people,  and  it  is  our  present,  as  well  as  our  future  task, 
to  feed  not  only  our  own  teeming  populations,  but  also,  in  some 
large  measure,  a  war  stricken  Europe,  and,  from  time  to  time, 
a  famine  stricken  Orient.  It  is  well  that  we  should  examine  our 
resources  and  review  what  we  have  done  or  are  about  to  do  with 
our  heritage.  '*  What  are  you  going  to  do  with  all  these  things?*' 
^' What  is  to  be  the  end  to  which  these  are  the  means?" 

It  is  not  my  present  intention  to  inflict  upon  this  audience  a 
multiplicity  of  statistical  data,  but  some  significant  figures  must 
be  here  referred  to  as  an  introduction  to  the  points  that  are  to 
receive  special  consideration  in  later  paragrai)hs.  In  consulting 
the  statistical  data,  I  have  purposely  confined  myself  to  govern- 
ment publications  of  date  not  later  than  1914.  The  great  Euro- 
pean struggle,  breaking  out  in  the  fall  of  that  year, ^rendered  all 
world  conditions  unstable  and  artificial,  so  that  statistics  of  war 
years  may  easily  be  confusing  and  misleading. 

In  the  annual  rej)ort  of  the  United  States  Secretary  of  Agricul- 
ture, for  1914,  we  learn  that  although  the  population  of  the  United 
States  has  increased  twenty-three  million  in  the  past  fifteen  years, 
the  strictly  rural  districts  have  shown  an  increase  of  barely  six 
million.  More  mouths  to  feed  with  fewer  husbandmen,  is  per- 
haps the  most  important  problem  of  our  most  modem  age. 

Again,   from  our  conser\'ative  Secretary  of  Agriculture  we 
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leam  that:  "  While  there  is  an  increased  diversification  of  agri- 
cultiire,  and  both  a  relative  and  absolute  increase  in  important 
products,  such  as  wheat,  forage  crops,  fruits,  dairy  products  and 
poultry,  we  have  to  take  note  not  only  of  a  relative  but  an  abso- 
lute decrease  in  a  number  of  our  staple  food  products  such  as 
com  and  meats.  In  the  former  in  the  last  fifteen  years  there  has 
been  no  substantial  advance.  In  cattle,  sheep  and  hogs  there 
has  been  an  actual  decline — ^in  cattle,  from  the  census  year  of 
1899  to  that  of  1909,  from  50,000,000  head  to  41,000,000;  in 
sheep  from  61,000,000  to  52,000,000;  in  hogs  from  63,000,000  to 
58,000,000.  Since  1909  the  tendency  has  been  downward,  and 
yet  during  the  period  since  1899,  the  population  has  increased 
over  20,000,000.  This  situation  exists  not  in  a  crowded  country 
but  in  one  which  with  935,000,000  acres  of  arable  land,  has  only 
400,000,000,  or  43  per  cent,  under  cultivation,  and  in  one  in  which 
the  population  per  square  mile  does  not  exceed  31  and  ranges 
from  0.7  person  in  Nevada  to  508  in  Rhode  Island.  Just  what 
the  trouble  is  no  one  is  as  yet  sufiiciently  informed  to  say.  It 
can  scarcely  be  that  the  American  farmer  has  not  as  much  intel- 
ligence as  the  farmer  of  other  nations.  It  is  true  that  the 
American  farmer  does  not  produce  as  much  per  acre  as  the 
farmer  in  a  number  of  civilized  nations,  but  production  per  acre 
is  not  the  American  standard.  The  standard  is  the  amoxmt  of 
produce  for  each  person  engaged  in  agriculture,  and  by  this  test 
the  American  farmer  appears  to  be  from  two  to  six  times  as 
efficient  as  most  of  his  competitors.  Relatively  speaking,  exten- 
sive farming  is  still  economically  the  sound  program  in  our 
agriculture,  but  now  it  is  becoming  increasingly  apparent  that 
the  aim  must  be,  while  maintaining  supremacy  in  production  for 
each  person,  to  establish  supremacy  in  production  for  each  acre." 
In  other  words,  and  I  am  now  speaking  for  myself,  extensive 
agriculture  must  ultimately  be  practised  in  an  intensive  manner, 
if  the  food  supply  of  an  ever-growing  population  is  to  be  econom- 
ically produced.  I  have  no  desire  to  take  issue  with  the  Secre- 
tary of  Agriculture  in  respect  to  what  he  has  said  about  the 
eflSciency  of  the  American  farmer.  We  cannot,  however,  over- 
look the  fact  that  European  farmers  are  obtaining  higher  yields 
per  acre  on  the  selfsame  soils  that  supported  our  own  ancestors 
before  their  emigration  across  the  seas,  perhaps  centuries  ago, 
whereas  oiu*  own  agricultural  operations  began  on  virgin  fields 
which  in  too  many  instances  are  already  run  down  if  not  aban- 
doned.    If  these  things  are  so,  lack  of  efficiency  and  careless 
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methods  of  agricalture  must  be  held  at  least  in  part  responsible 
for  present  conditions.  It  is,  however,  manifestly  unjust  to 
shift  the  full  burden  of  blame  on  to  the  shoulders  of  the  American 
farmer.  Upon  capital  and  government  should  fall  the  fuller 
measure  of  responsibility  in  not  having  long  ere  this  sought 
methods  of  providing  more  abundantly  the  plant  food  require- 
ments of  the  soil.  If  it  is  true  that  before  the  war  Belgitun's 
crops  showed  the  highest  yield  per  acre,  it  is  also  true  that  the 
Belgian  acres  used  the  highest  pro  rata  quantities  of  intensive 
fertilizers.  It  is  at  least  comforting  to  learn  that  the  total  pro- 
duction in  1914  of  our  own  United  States  in  its  six  leading  cereals, 
aggregated  nearly  five  billion  bushels.  But  in  spite  of  these  over- 
whelming figiu-es,  it  is  foolish  to  close  our  eyes  and  shut  our  ears 
to  the  conditions  that  have  to  be  met  in  the  face  of  an  ever- 
growing population  and  a  relative  and  actual  decline  in  the  most 
highly  nitrogenous  food  products.  It  is  truly  written  that  man 
does  not  live  by  bread  alone.  Green  vegetables  and  the  fruits 
of  the  earth,  especially  those  with  a  high  nitrogen  content,  are 
and  will  continue  to  be  as  intensively  demanded  as  the  cereals. 
The  high  cost  of  living,  a  most  living  issue,  is  pressing  its 
influence  upon  the  consideration  of  political  parties  and  plat- 
forms, but  no  legislation  can  correct,  no  political  promises  over- 
come a  condition  which  rests  solidly  upon  the  world-old  principle 
of  growing  demand  and  diminishing  supply. 

At  this  point  I  wish  to  take  the  occasion  to  state  most  em- 
phatically that  I  am  not  preaching  a  Malthusian  doctrine  of 
hopelessness.  If  this  statement  is  not  made  here  with  sufficient 
emphasis,  it  will  be  said  that  we,  a  deliberative  body,  are  look- 
ing forward  to  a  condition  of  imminent  starvation.  Nothing 
could  be  farther  from  the  truth  than  this.  At  the  present 
time  we  are  producing  in  abundance  nearly  every  product 
and  produce  that  is  necessary  for  our  present  sustenance  and 
development.  I  believe  that  this  will  always  be  true,  but  in 
order  to  make  it  true,  thoughtful  men  will  study  the  conditions 
and  needs  of  the  future  and  prepare  to  meet  them  in  advance. 
To  do  less  than  this  is  to  be  false  to  our  country  and  to  our 
posterity. 

The  question  of  an  adequate  food  supply  for  a  growing 
population  resolves  itself,  in  the  last  analysis,  into  an  adequate 
plant  food  supply.  Unless  we  feed  the  herbiage  of  the  earth, 
we  cannot  feed  ourselves.  As  almost  everyone  knows,  the 
three  principal  plant  foods  are  fixed  nitrogen,  compounds  of 
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the  element  potassium,  generally  referred  to  as  potash,  and 
phosphates.  For  our  principal  supply  of  the  first  two  of  these 
mineral  plant  foods,  we  are,  as  is  now  very  generally  under- 
stood, mainly  dependent  on  foreign  sources.  It  is  just  this 
lack  of  a  native  supply  which  the  chemists  and  the  engineers 
of  the  country  are  prepared  to  meet,  just  as  soon  as  the  powers 
that  control  our  capital,  finance  and  legislation  have  adjusted 
their  diflFerences  of  opinion  and  become  prepared  to  order  the 
work  to  go  on.  The  main  reservoir  on  which  we  must  draw 
for  our  supplies  of  fixed  nitrogen  in  the  future,  both  for  agri- 
culture and  for  national  defense,  must  be  the  free  nitrogen 
of  the  atmosphere.  All  present  signs  seem  to  show  that  the 
fixation  of  atmospheric  nitrogen  into  products  of  manurial 
value  can  be  best  brought  about  by  the  development  of  water 
powers  properly  and  economically  located  and  financed  for  the 
end  in  view. 

Even  if  I  had  already  formed  an  opinion  as  to  the  best  ways 
and  means  for  bringing  developed  water  powers  most  rapidly 
into  operation,  I  should  refrain  from  such  discussion  at  this 
time.  What  we  engineers  and  chemists  are  most  concerned 
with  is  that  some  compromise  between  widely  divergent  opinion 
should  be  reached  to  the  end  that  there  shall  be  more  accom- 
plishment and  less  conversation.  Given  the  statistics  of  annual 
yield  of  oiu*  diversified  crops,  and  also  given  the  nitrogen  con- 
tent of  these  crops,  it  becomes  an  amusing  and  interesting 
problem  to  attempt  to  compute  the  annual  waste  of  fixed 
nitrogen,  or  at  least  that  modicum  or  portion  of  it  which  by 
export  or  by  sewage  disposal  or  any  other  of  the  ntmierous 
ways  is  discharged  into  the  ocean  or  into  the  atmosphere, 
never  again  to  return  by  any  natural  means  to  the  fields  from 
which  it  was  taken  away.  Even  under  the  most  conservative 
methods  of  computation,  the  figures  roll  up  into  billows  of 
ciphers  until  one  gives  up  in  despair,  realizing  that  it  is  only 
another  method  of  attempting  to  sweep  out  the  Augean  stables. 
And  in  making  these  statements,  I  am  not  unmindful  of  the 
fact  that  through  green  manuring  and  due  to  the  action  of  the 
nitrogen-fixing  bacteria  which  work  on  the  roots  of  legumin- 
ous plants,  we  are  furnished  with  at  least  a  slow  natural  process 
for  the  fixation  of  atmospheric  nitrogen.  The  annual  wastage 
of  fixed  nitrogen  from  our  soils  is  none  the  less  appalling.  It 
does  not,  however,  require  statistical  data  or  complicated 
arithmetical  calculations  to  convince  a  person  with  common 
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sense  that  one  cannot  go  on  forever  drawing  capital  from  the 
bank  faster  than  it  is  put  in.  We  owe  our  soils  at  least  as  much 
plant  food  as  we  take  away  from  them,  or  agricultiu-al  bank- 
ruptcy is  only  a  question  of  time.  Agricultural  bankruptcy 
spells  ultimate  starvation  and  it  spells  nothing  else. 

In  1914  we  imported  into  the  United  States  some  500,000 
tons  of  Chile  saltpetre  at  a  value  of  about  $18,000,000.  It 
has  been  estimated  that  perhaps  one-quarter  of  this  found  its 
way  to  the  soil,  in  addition  to  such  other  forms  of  fixed  nitrogen 
as  ammonium  sulphate  from  coke  recovery  and  the  various  kinds 
of  organic  nitrogen,  such  as  slaughter  house  and  other  refuse. 
But  all  this  is  not  nearly  enough.  In  Norway  alone  about 
500,000  kilowatts  are  consiuned  in  the  manufacture  of  ar- 
tificial saltpetre.  In  the  United  States  proper  it  is  doubt- 
ful if  any  artificial  nitrate  has  as  yet  been  produced  on 
any  scale  beyond  the  experimental,  and  yet  it  has  been 
computed  that  every  cubic  mile  of  our  atmosphere  contains 
enough  raw  material  in  the  form  of  free  nitrogen  to  satisfy  our 
total  present  consumption  for  more  than  half  a  century.  I 
•  know  of  no  stronger  argument  than  this  for  the  immediate 
development  of  our  available  water  powers,  unless  it  be  that 
these  same  water  powers  pat  to  work  on  nitrogen  fertilizers 
could,  at  the  same  time,  provide  the  material  necessary  for  the 
national  defense  in  case  of  war. 

I  shotild  like  to  take  this  occasion  to  add  my  voice  to  those 
of  many  more  distinguished  colleagues,  in  pointing  out  that 
though  it  may  be  considered  desirable  to  develop  water  powers 
in  this  country,  it  is  very  important  to  take  into  consideration 
that  such  water  powers  should  be  suitably  located,  and  that 
the  cost  of  production  of  electrical  energy  should  be  as  low 
as  possible.  This  is  particularly  true  with  respect  to  the 
manufacture  of  artificial  fertilizer.  The  cost  of  munitions 
matters  little  in  the  face  of  the  emergency  of  war,  but  the  cost 
of  plant  food  must  of  necessity  always  be  kept  at  a  minimiun. 
A  water  power  that  costs  capital  a  hundred  dollars  or  more 
per  horse  power  to  develop,  and  that  must  be  rented  for  from 
$17.00  to  $20.00  per  horse  power  year,  will  never  solve  the 
problem  of  cheap  food  production.  Some  system  for  develop- 
ing low-cost  water  power  must  be  devised,  or,  as  far  as  the 
food  problem  is  concerned,  we  shall  never  become  self-sustain- 
ing or  nationally  independent.  Up  to  1914  more  than  80  per 
cent  of  all  the  mixed  fertilizer  produced  in  the  United  States 
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was  used  east  of  the  Allegheny  Motmtains.  This  point  is 
admirably  illustrated  in  the  fertilizer  expenditures  map  taken 
from  the  Thirteenth  Census  of  the  United  States,  which  will 
be  discussed  in  a  later  paragraph.  A  developed  water  power  in 
Alaska,  Washington  and  Oregon  could  have  no  possible  in- 
fluence upon  this  condition.  To  be  practical,  electrical  water 
power  muist  serve  its  own  market  and  its  own  neighborhood, 
or  it  might  as  well  be  located  on  the  moon.  The  growing  city 
populations  composed  of  the  millions  who  live  in  such  great 
cities  as  Boston,  New  York,  Philadelphia,  and  Baltimore,  do 
not  contribute  to  the  production  of  food.  With  respect  to 
food,  they  are  constuners  only,  and  the  soil  alone  can  feed  them. 
It  is  inevitable  that  sooner  or  later  the  potential  energies  of 
our  great  water  powers  must  be  harnessed  to  the  end  that  the 
nitrogen  of  the  air  may  be  fixed  to  feed  the  soils. 

With  respect  to  the  necessary  supplies  of  plant  foods  other 
than  nitrogen,  it  has  not  as  yet  been  seriously  considered  to 
utilize  electric  power,  but,  speaking  to  electrical  engineers,  I  can 
say  that  the  extraction  of  potash  from  feldspathic  and  granitic 
rocks  by  electrolysis  presents  by  no  means  an  insoluble  or  even, 
in  my  opinion,  a  diflScult  problem.  It  is  perhaps  the  easiest 
way  that  has  been  as  yet  proposed  to  obtain  potash  artificially, 
which  only  awaits  cheap  enough  power  to  become  a  reality.  I 
need  only  remind  you  that  in  the  silicate  rocks  of  which  our 
mountain  ranges  are  composed,  there  lie  dormant  untold  bil- 
lions of  tons  of  potash,  to  show  that  when  the  proper  time  comes 
w€  will  not  want  for  raw  material.  On  this  special  topic  I  am 
well  informed,  for  I  have  made  a  close  study  of  it  in  the  labora- 
tory and  in  the  field  for  many  years. 

In  regard  to  our  supplies  of  phosphate.  Nature  has  been  extra- 
ordinarily generous  to  this  country,  and  the  vast  phosphate 
fields  of  the  South  and  West  are  in  no  immediate  danger  of  ex- 
haustion. In  order  to  make  the  phosphoric  acid  content  in 
these  phosphate  deposits  available  for  agriculture,  it  is  necessary 
and  usual  to  treat  them  with  sulphuric  acid  in  the  manufacture  of 
super-phosphates.  It  happens,  however,  that  we  possess  very 
large  deposits  of  phosphate  rock  which,  while  rich  in  phosphoric 
acid,  contain  also  as  impurities  something  more  than  5  per  cent 
of  iron  and  alumina.  Such  phosphate  deposits  as  these  cannot 
be  treated  by  the  usual  sulphuric  acid  method,  owing  to  the  fact 
that  they  show  a  tendency  when  treated  with  the  acid  to  become 
sticky  so  that  they  cannot  be  groimd  for  mixed  fertilizer  or  be 
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properly  spread  upon  the  soil.  These  high  iron,  "  A  "  phosphate 
deposits,  as  they  are  called,  are  awaiting  an  economical  process 
for  their  treatment,  in  order  to  make  them  available  to  agricul- 
ture. It  is  my  belief  that  with  cheap  electric  power,  this  problem 
can  also  be  solved  from  the  standpoint  of  electrochemistry. 

I  shall  now  present  certain  data  taken  from  the  thirteenth 
census  of  the  United  States  (1910),  which,  in  my  opinion,  shows 
the  urgent  necessity  for  the  ultimate  application  of  developed 
water  powers  to  the  food  problem  of  the  future.  The  total 
area  of  cereals  harvested  in  1909  was  about  191,000,000  acres  as 
compared  with  about  185,000,000  acres  in  1899,  a  gain  of  about 
3.5  per  cent.  During  the  same  period  the  production  increased 
only  about  73,000,000  bushels  or  1.7  per  cent.  The  yield  per 
acre  was  therefore  slightly  less  in  1909  than  in  1899.  At  the 
same  time  the  population  of  the  United  States  proper  increased 
from  76  to  92  millions,  or  21  per  cent.  These  figures  are  sig- 
nificant and  authoritative,  although  it  is  fair  to  add  that  they 
are  affected  to  some  extent  by  bad  weather  conditions  in  the 
com  belt  in  1909.  The  magnitude  of  a  crop  is  determined  by 
acreage  and  yield  per  acre,  but  the  latter  factor  is  the  one  which 
really  measures  in  the  long  run  the  efficiency  of  agricultural 
operations.  The  yield  per  acre  is  affected  by  some  conditions, 
such  as  weather,  that  are  beyond  the  control  of  man,  but  no  one 
can  say  that  by  the  proper  use  of  fertilizer,  other  things  being 
equal,  the  production  per  acre  can  not  be  increased  many  fold. 
This  is  indicated  also  by  the  fact  that  European  acres  before  the 
war  were  yielding  from  two  to  three  times  that  of  our  own. 
Leaving  aside  the  questions  of  proper  tillage,  plant  breeding, 
seed  selection  and  other  important  factors  in  crop  production, 
as  not  germane  to  the  present  subject,  let  us  inquire  whstt  the 
country  was  doing  in  the  use  of  plant  foods  on  our  soils. 

According  to  the  last  census  report,  the  total  number  of  farms 
that  reported  expenditures  for  fertilizers  in  1909  was  about 
1,800,000  or  about  29  per  cent  of  all  farms.  The  total  amount 
expended  for  fertilizer  in  1909  was  about  $115,000,000,  and  the 
average  amount  spent  per  acre  of  improved  land  (based  on  the 
acreage  of  all  farms)  was  24  cents.  This  average  is  made  up  of 
variations  of  from  one  cent  per  acre  in  the  West,  North  Central, 
and  Mountain  sections  to  $1.30  in  the  New  England  division 
and  $1.23  in  the  South  Atlantic.  It  is,  of  course,  true  that  the 
differences  in  the  expenditures  for  fertilizers  reflect  differences 
in  natural  fertility  of  soils,  in  character  of  crops  grown,  in  cus- 
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tomary  methods  of  agriculture,  and  in  freight  rates  on  commercial 
fertilizers  from  mill  to  market.  But  nevertheless  the  value  of 
all  crops  grown  in  the  United  States  in  1909  was  very  nearly  five 
and  one-half  billion  dollars,  in  the  production  of  which  some  one 
hundred  and  fifteen  million  dollars- worth  of  plant  food  was  used, 
or  just  a  trifle  more  than  two  per  cent. 

I  submit  that  these  figures  speak  for  themselves,  and  that  the 
conditions  have  not  been  materially  changed  in  the  intervening 
years  between  1909  and  1916.  What  more  strenuous  argument 
is  needed  for  the  development  of  our  water  powers  to  the  end 
that  they  shall  be  set  to  work  on  the  production  of  plant  food  for 
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the  coming  generations?     Is  it  not  indeed  a  duty  that  the  present 
generations  owe  to  posterity? 

Before  concluding,  I  invite  your  attention  to  the  most  illum- 
inating map  taken  from  the  last  United  States  census,  which 
gives  the  expenditure  by  farmers  and  the  distribution  of  ferti- 
lizers for  1909.  This  shows  at  a  glance  the  truth  of  much  that 
has  been  set  forth  in  preceding  paragraphs,  and  it  shows  much 
more.  This  map  might  be  made  the  basis  of  a  popular  travel- 
ogue. If  we  use  imagination,  we  can  picture  to  our  minds  the 
strenuous  drive  of  the  Aroostook  County,  Maine,  potato  in- 
dustry, the  efforts  of  the  truck  growers  of  Massachusetts  to 
feed  the  teeming  millions  of  their  congested  cities  and  manu- 
factiuing    districts.     We   pick   out    the   high    grade    wrapper 
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tobacco  section  of  Connecticut,  whose  product  is  worth  dollars 
per  pound  and  is  found  worthy  of  lavish  expenditures  for 
fertilizers.  We  see  the  effort  to  supply  the  New  York,  Phila- 
delphia and  Baltimore  markets,  and  follow  the  truck  gardens 
down  the  Jersey  coast  to  the  tip  of  the  Eastern  Shore  of  Mary- 
land. Further  south  we  pick  up  the  tobacco  belt  and  the 
great  region  where  King  Cotton  reigns  supreme,  and  this  King 
is  powerful  to  exact  his  annual  tribute  of  plant  food.  We  see 
the  effect  of  fruit  growing  in  Florida  and  southern  California, 
these  regions  which  are  still  too  sparsely  fertilized.  We  can 
see  the  sugar  cane  waving  in  Louisiana,  and  even  trace  the 
national  grape  juice  from  the  serried  grape  vines  on  the  southern 
shore  of  Lake  Erie.  We  travel  on  through  the  great  com 
belt  of  Ohio  and  southern  Illinois,  until  we  come  to  the  Miss- 
issippi, but  here,  as  far  as  our  subject  goes,  we  stop.  The 
great  grain  producing  states  of  the  Far  West  are  busily  engaged 
in  taking  money  out  of  the  bank,  but,  as  far  as  plant  food  is 
concerned,  they  are  putting  little  or  nothing  back.  It  is  prob- 
ably true  that  all  agricultural  districts  appearing  on  this  map, 
which  do  not  show  up  in  black  or  at  least  dark  gray,  are  to  a 
greater  or  less  extent  proceeding  along  a  similar  pathway 
towards  the  ultimate  destitution  of  our  soils. 

The  task  of  attempting  to  present  in  a  brief  paper  a  dis- 
cussion of  so  vast  a  subject  as  the  influence  of  water  power 
development  on  the  food  problem  of  the  future  has  not  been 
an  easy  one,  and  I  am  fully  conscious  of  the  fact  that  only  a 
few  high  points  within  the  range  of  the  subject  have  been 
touched.  It  is  possible,  however,  that  there  are  many  people 
in  this  country  who  have  never  yet  realized  that  the  potential 
energy  of  a  flowing  river  can  be  transmuted  into  food  and 
sustenance,  and  thus  indirectly  direct  the  vital  activities  of  a 
nation.  The  scenic  grandeiu"  of  a  great  waterfall  may  be  a 
national  asset,  but  I  am  one  of  those  who  see  an  even  greater 
grandeur  and  a  more  valuable  national  asset  in  vast  fields  of 
waving  grain  and  contented,  well  nourished  herds,  which  mean, 
as  they  always  have  and  always  will  mean,  a  contented,  virile 
and  industrious  population. 
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RELATION   OF  WATER  POWER  TO  TRANSPORTATION 


BY  LEWIS  B.  STILLWELL 


Abstract  of  Paper 

The  paper  discusses  the  relative  importance  of  water  power 
in  its  relation  to  transportation,  as  depending  upon  its  cost  and 
the  cost  of  competing  steam  power. 

Proportion  which  "  Cost  of  Fuel  for  LfOcomotives  "  in  the 
country  as  a  whole,  in  various  sections,  and  in  the  case  of  a 
number  of  different  railroads,  bears  to  "  Total  Cost  of  Opera- 
tion." 

Effect  of  recent  progress  in  art  of  producing  electric  power 
by  steam  upon  water  power  values. 

Power  and  transportation  development  on  navigable  streams. 

Illustrations  of  the  limit  of  investment  in  developing  a  water 
power,  as  fixed  by  cost  of  competing  steam   power. 

Comparative  cost  of  canals  and  railroads. 

Illustrations  of  comparative  speed  and  power  consumption  in 
railroad  and  canal  operation. 


THfe  RELATION  of  water  power  to  transportation  in  the 
United  States  is  a  subject  far  too  broad,  and  in  some  of  its 
aspects  too  complex,  for  comprehensive  and  adequate  treatment 
in  a  twenty-minute  paper.  Like  many  other  subjects  with 
which  engineering  science  deals,  the  economic  factors  which 
determine  that  relation  in  any  given  case  depend  so  largely  upon 
local  conditions  as  to  make  useful  generalization  difficult,  if  not 
impossible.  The  best  that  I  can  hope  to  do  in  the  time  allotted 
for  this  introduction  to  your  discussion  of  the  subject  is  to  point 
out  some  of  the  conditions  which  determine  the  value  of  water 
power  in  relation  to  transportation  at  the  present  time,  and  to 
indicate  roughly  how  this  value  may  change  with  progress  of  the 
art  of  producing  power  from  fuel  and  with  changes  that  may 
occiu"  in  the  interest  rates  upon  capital  necessary  to  development. 
The  relative  importance  of  water  power  used  as  motive  power 
to  move  traffic,  in  its  relation  to  transportation,  in  different 
parts  of  the  country  varies,  depending  primarily  upon  the  cost 
of  water  power  and  the  cost  of  competing  steam  power  as  de- 
veloped by  locomotives  or  by  existing  or  possible  steam  power 
plants.    Where  water  power  is  produced,  or  may  be  produced, 
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an  economy  by  no  means  sufficient  to  offset  the  increase  in 
interest  charges  upon  the  investment  necessary  for  electrifica- 
tion. The  bearing  which  such  a  possible  saving  would  have 
upon  the  question  of  electrifying  what  may  be  termed  the 
''  average  "  railroad  is  shown  by  the  following  figures,  which  are 
abstracted  from  a  paper  "  On  the  Substitution  of  the  Electric 
Motor  for  the  Steam  Locomotive,'*  presented  by  the  writer  and 
H.  St.  Clair  Putnam  at  the  214th  meeting  of  this  Institute.  While 
these  figures  were  prepared  nearly  ten  years  ago,  additional 
operating  data  of  electrified  railroads  now  available  are  corrob- 
orative of  their  general  correctness  and  they  are  sufficiently 
accurate  for  our  present  purpose.  The  figures  compared  are, 
first,  the  average  for  steam  operation  during  five  years,  from  1901 
to  1905,  inclusive,  as  reported  by  the  Interstate  Commerce 
Commission,  and,  second,  the  cost  of  operation  by  electricity 
as  estimated  in  the  paper  referred  to. 


. 

Eitimated  coet 

Average 

of  operation 

five  yeart 

by  electricity 

21.003 

22.364 

19.624 

12.687 

9.461 

4.710 

11.292 

6.702 

0.634 

.000 

0.381 

0.260 

1.687 

1.000 

1.780 

2.000 

1.112 

0.760 

1.086 

1.000 

0.246 

0.200 

64,  Maintenance  of  way  and  structures. . 
66,  Maintenance  of  equipment 

21,  Engine  and  round  house  men 

22,  Fuel  for  locomotives 

23,  Water  supply  for  locomotives 

24,  Oil,  tallow  and  waste  for  locomotives 

27.  Train  supplies  and  expense^ 

20,  Telegraph  expenses 

36.  Loss  and  damage 

30,  Injuries  to  persons 

37.  Clearing  wrecks 


68.046 


60.663 


(The  above  items  are  numbered  as  in  the  report  of  the  Interstate  Commerce  Commission, 
and  only  items  the  amount  of  which  is  changed  by  electrification  are  included.) 


The  total  estimated  saving  in  cost  of  operation  is  approxi- 
mately 18  per  cent  of  this  amount,  a  saving  of  one-half  in 
fuel  accounts,  in  round  numbers,  for  approximately  one-third 
of  the  total  saving.  Reduction  in  fuel  expense  which  may  l)e 
effected  by  utilizing  water  power,  therefore,  under  average  condi- 
tions will  affect  practically  but  one-third  of  the  total  savings 
due  to  electrification  upon  which  the  question  of  substitution 
of  electric  power  for  steam  will  depend  in  the  case  of  a  railroad 
which  may  find  itself  in  position  to  secure  the  capital  necessary 
to  electrify  a  part  of  its  system. 
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The  following  tabulation  from  the  report  of  the  Interstate 
Commerce  Commission  for  1914,  shows,  as  might  be  expected, 
that  the  relation  which  the  cost  of  fuel  bears  to  total  operating 
expense  of  different  railroads  varies  between  wide  limits: 


STATISTICS  PROM  I.  C.  C.  REPORT  ON  RAILROADS.  POR  YEAR  ENDING 

JUNE  30.  1914. 


Road 

Approz. 

thousands 

miles  of 

line 
operated 

Cost    of 
fuel  for 
road  loco- 
motives 
millions 

ToUl 

oper.  exp. 

millions 

Ratio 

fuel  for 

rd.  Voco. 

-1-  total 

oper.  exp. 

Average 

tons  freight 

per  train 

(1910) 

(1914) 

A.  T.  &S.  P 

A.C.L 

B.  &0 

12.4 

6.0 

8.9 

12.7 

13.1 

14.3 

1.9 

2.6 

4:6 

10.1 

7.7 

3.4 

6.0 

9.4 

4.6 

3.8 

9.7 

10.6 

2.8 

9.8 

9.6 

6.7 

4.2 

5.6 

2.6 

6.6 

6.0 

6.8 

7.75 

1.9 

2.4 

3.2 

5.3 

3.8 

3.1 

2.0 

7.0 

4.5 

2.9 

5.0 

9.3 

3.2 

3.8 

4.9 

3.7 

2.3 

60 
26 
72 
59 
62 
61 
15 
26 
37 

46.5 
51 
28 
22 
86 
49 
30 
41 
134 
32 
50 
55 

9.4 

10.0 
7.8 

10.2 
9.4 

12.7 

12.7 
9.2 
8.7 

11.4 
7.5 

11.0 
9.1 
8.2 
9.2 
9.7 

12.2 
6.9 

10.0 
7.6 
8.9 

12.8 
9.6 

298 
201 
443 
261 
381 
276 
428 
545 
497 
520 
364 
636 
240 
413 
293 
635 
429 
649 
477 
237 
428 
432 
363 

357 
225 
620 

C.  &  N.  W 

348 
479 
380 
632 
652 
593 
663 
417 
588 
329 
503 
304 
802 
567 
729 
580 
275 
431 
431 
393 

C.  B.  &  0 

C.  M.&S.P 

D.  &  H 

D.  L.  &  W 

Brie 

Gt.  Nor 

lU.  Cen 

L.  V.  R.  R 

Mo.  Pac 

N.Y.C 

N.Y.,  N.  H.  &  H. . . . 

Nor.  ft  West 

No.  Pac 

P.  R.  R 

Reading 

Southern.. . 

So.  Pac 

U.  P 

Wabash 

AllR.R's.inU.S 

172.7 
246.6 

101.65 
208.4 

1095.5 
2200 

Av.-9.3% 
Av.  -9.5% 

It  will  be  noted  from  this  and  from  the  preceding  summarized 
tabulation  that  fuel  cost  in  general  is  high  upon  railroads  opera- 
ting between  the  Mississippi  River  and  the  Pacific  Coast,  coal 
being  less  generally  available  at  moderate  cost  in  this  territory 
than  in  other  parts  of  the  country.  For  example,  while  fuel  for 
road  locomotives  in  the  case  of  the  Pennsylvania  Railroad  repre- 
sents 6.9  per  cent  of  total  operating  expense,  and  in  the  case  of 
the  Illinois  Central  7.6  per  cent,  it  amounts  to  12.8  per  cent  in 
the  case  of  the  Union  Pacific  and  12.7  per  cent  in  the  case  of  the 
Chicago,  Milwaukee  &  St.  Paul.    While  many  factors  other 
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than  the  cost  of  fuel  per  thermal  unit  affect  these  percentages, 
no  argument  is  required  to  demonstrate  that  the  cost  of  coal  is 
a  very  important  factor  in  railroad  operation,  and  that  any 
important  reduction  in  this  cost  means  increased  net  earnings, 
decreased  cost  to  shippers,  or  both. 

It  is  a  fortunate  fact,  which  frequently  has  been  pointed  out, 
that  in  certain  very  important  sections  of  our  country  where  coal 
deposits  are  lacking,  water  power  is  abundant,  and  since  the 
cost  of  competing  steam  power  primarily  determines  the  relative 
value  of  water  power,  it  follows  that  the  water  powers  on  the 
public  domain,  in  general,  have  a  relatively  higher  potential 
value  than  they  otherwise  would  possess,  owing  to  the  fact  that 
they  exist  in  localities  where  coal  or  oil,  or  both,  are  relatively 
expensive.  Further,  it  is  to  be  noted  that  these  water  powers 
are  natiurally  found  in  hilly  or  mountainous  sections  through 
which  the  operation  of  railroads  implies  the  handicap  of  grades, 
in  many  instances  heavy,  and  consequently  the  consumption 
of  power  at  a  relatively  high  rate  per  ton-mile.  Broadly  speak- 
ing, therefore,  these  mountain  water  powers  in  sections  where  no 
deposits  of  fuel  exist  are  of  especial  interest  and  possible  value 
in  relation  to  transportation. 

The  question  whether  it  would  pay  to  substitute  electricity 
for  steam  as  motive  power  on  a  given  road,  or  a  given  division 
thereof,  or  even  on  a  certain  moimtain  grade,  can  be  answered 
only  by  exhaustive  and  competent  consideration  of  many  factors, 
among  which  the  cost  of  power,  while  an  important  one,  is  not 
necessarily  controlling.  It  is  impracticable,  therefore,  to  at- 
tempt to  fix  with  precision  as  a  general  case  the  limit  of  allowable 
investment  in  water  power  development  within  which  a  saving 
for  electrification  would  be  shown,  as  compared  to  operation  by 
steam. 

It  may  be  pointed  out,  further,  that  where  cheap  water  power 
is  available  in  connection  with  transportation  in  a  hilly  or  moun- 
tainous country,  the  conditions  which  control  the  extension  of 
a  railroad  system  are  affected  by  the  fact  that  cheap  electric 
power  makes  it  practicable  to  adopt  grades  exceeding  the  limits 
which  experience  has  established  in  steam  practise.  The  result- 
ing possibility  of  shortening  lines  and  reducing  the  cost  of  the 
permanent  way  construction  may  be  important  in  new  territory, 
although  it  must  be  noted  in  this  connection,  also,  that  as  re- 
gards new  lines  in  such  territory  over  which  traffic  for  a  time  is 
usually  light,  the  investment  in  hydroelectric  plant  and  in  rail- 
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way  electrification  is  generally  greatly  in  excess  of  the  cost  of 
locomotives. 

No  consideration  of  the  problem  of  electrifying  a  railroad,  or  a 
division,  or  a  mountain  grade,  is  complete  which  fails  to  take 
into  account  the  fact  that  the  cost  of  competing  steam  power  has 
been  decreased  materially  in  recent  years  by  improvements  in 
the  design  and  efficiency  of  the  steam  locomotive,  or  to  recognize 
the  probability  that  further  improvements  will  result  from  the 
continued  efforts  of  the  many  able  men  who  are  devoting  their 
energies  to  advance  in  locomotive  design,  with  special  reference 
to  fuel  economy;  nor  is  any  consideration  of  the  relation  of  water 
power  to  the  operation  of  a  railroad  complete  which  omits  con- 
sideration of  the  great  reduction  in  the  cost  of  electric  power  pro- 
duced by  steam-driven  generators  which  has  been  achieved  with- 
in the  last  fifteen  years  by  the  substitution  of  the  steam  turbine 
for  the  reciprocating  engine  and  by  improvements  in  boiler  con- 
struction and  practise.  For  example,  a  5000-kw.  turbine- 
driven  alternator  today,  at  its  point  of  best  efficiency,  will  pro- 
duce a  kilowatt-hour  using  20  per. cent  less  coal  than  was  re- 
quired fifteen  years  ago  by  the  5000-kw.  units  which  the  Manhat- 
tan Elevated  Railway  of  New  York  installed  at  its  Seventy-fourth 
Street  power  house,  these  latter  being  at  least  equal  in  efficiency 
to  any  engine-driven  units  installed  in  this  country  up  to  that 
time.  Moreover,  this  reduction  in  cost  has  been  characterized 
not  only  by  a  reduction  in  the  amount  of  fuel  required  to  pro- 
duce a  kilowatt-hour,  but  also  by  a  relatively  still  greater  reduc- 
tion in  cost  of  plailt,  as  illustrated  by  the  fact  that  a  5000-kw. 
turbine-driven  unit  today  costs  about  $12.00  per  kilowatt,  while 
the  cost  of  the  engine-driven  units  to  which  I  have  referred  was 
$35.60  per  kilowatt. 

Still  further,  the  development  of  the  dynamo  in  large  and  still 
larger  units  in  connection  with  the  evolution  of  the  modem  steam 
turbine  makes  it  practicable  today  to  realize  still  greater  economy 
both  in  first  cost  and  in  fuel  consumption,  owing  to  the  fact 
that  we  now  can  avail  ourselves  of  larger  units  than  were  for- 
merly on  the  market .  This  additional  gain  is  particularly  marked 
as  regards  fuel  economy.  It  is  probably  conservative  to  say 
that  a  large  plant,  e.g.j  one  of  100,000-kw.  output,  using  large 
steam  turbines,  in  producing  electric  power  to  meet  average  con- 
ditions of  demand  as  existing  in  our  large  cities,  or  in  railway 
service,  will  use  not  more  than  two  pounds  of  coal  where  the 
best  steam  practise  fifteen  years  ago  would  have  required  three 
pounds. 
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As  in  the  case  of  stationary  steam  plants,  so  also  in  the  case 
of  steam  locomotives  substantial  progress  in  fuel  economy 
has  been  made  in  recent  years,  and  still  further  progress  in  this 
direction  must  be  anticipated  and  taken  into  consideration  in 
connection  with  future  utilization  of  water  powers  aiming,  in 
whole  or  in  part,  to  supply  electric  power  for  railroad  operation. 

Power  and  Transportation  Development  on   Navigable 

Streams 

The  relation  of  cheap  power  and  waterways,  as  simultaneously 
developed  by  the  construction  of  dams  on  so-called  "  navigable  " 
streams,  is  a  subject  so  complex  that  I  can  glance  at  it  only  in 
certain  aspects.  By  constructing  a  dam  at  a  suitable  location 
on  almost  any  stream  of  reasonable  magnitude,  a  certain  amount 
of  power  will  be  produced  and  a  stretch  of  navigable  water  of 
more  or  less  length  developed.  What  the  commercial  value  of  the 
power  thus  produced  will  be  depends  primarily  upon  the  cost 
of  competing  steam  power  as  it  is  produced,  or  might  be  pro- 
duced, in  the  same  locality,  and  upon  the  demand  for  power  for 
industrial  and  other  purposes.  What  the  value  of  the  resulting 
stretch  of  slack  water  may  be  for  purposes  of  navigation  will 
depend  upon  so  many  varying  conditions  that  profitable  general- 
ization is  practically  out  of  the  question.  Each  project  of  this* 
kind  should  receive  the  most  careful  consideration,  not  only  from 
the  standpoint  of  technical  engineering,  but  also  from  a  broad 
economic  standpoint.  No  conclusion  which  points  to  the  in- 
vestment of  an  amount  of  capital  in  excess  of  that  which  would 
suffice  to  produce  an  equivalent  result  as  regards  the  production 
of  power,  the  provision  of  transport  facilities,  or  both,  can  be 
sound.  Railway  rates  being  now  subject  to  regulation  by  the 
Interstate  Commerce  Commission,  the  argument  that  the  con- 
struction of  a  waterway  possesses  an  economic  value  to  the 
community  in  its  effect  upon  railway  rates,  loses  whatever  force 
it  may  have  possessed  before  a  proper  method  of  protecting  the 
shipper  was  available.  To  expend  public  or  private  money  in 
constructing  waterways  for  such  a  purpose  is  to  waste  a  part  of 
that  very  accumulation  of  capital  by  the  nation  upon  which 
further  development  of  our  resources  in  transportation,  in  power, 
and  consequently  in  practically  every  form  of  industry  must 
depend. 

As  regards  power  production,  investigation  of  every  project 
aiming  to  accomplish  the  double  purpose  of  producing  power 
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and  providing  transportation  facilities,  should  have  reference 
primarily  to  the  cost  of  competing  power  produced  from  coal  or 
other  fuel.  As  regards  the  utility  of  any  navigable  inland  water- 
way which  may  result  from  the  construction  of  a  dam,  it  should 
have  reference  primarily  to  the  cost  and  relative  advantages, 
not  only  of  existing  railroad  facilities,  but  of  new  railroad  facilities 
which  the  investment  of  equivalent  capital  might  provide.  The 
fact  that  it  has  been  the  policy  of  the  Federal  Government  to 
appropriate  public  money,  from  time  to  time,  for  the  develop- 
ment of  waterways  serving  communities  more  or  less  .local,  and 
that  it  has  not  been  the  policy  of  the  Government  to  use  public 
money  for  the  construction  of  railroads,  need  not  and  should 
not  influence  the  investigation  of  such  a  project  from  an  eco- 
nomic standpoint.  All  investment  of  capital,  whether  by  the 
Government  or  by  individuals,  which  results  in  accomplishing 
at  a  great  expense  a  purpose  which  can  equally  be  attained  at 
less  expense,  is  a  waste  of  capital,  which  inevitably  implies  a 
loss  to  the  community. 

Looking  at  the  project,  first,  as  a  power  proposition,  let  us 
determine  approximately  the  amount  of  investment  in  the 
proposed  hydro-electric  development,  including  the  dam,  which 
may  be  justified  with  reference  to  the  cost  of  competing  steam 
power.  For  illustration,  we  may  assume  that  the  water  power 
which  will  result  in  the  construction  of  the  dam  is  capable  of 
producing,  through  utilization  of  modem  hydroelectric  ma- 
chinery, a  continuous  power  output  of  50,000  kw.  A  steam 
plant  to  deliver  this  output  might  comprise  five  12,500-kw. 
units — one  of  these  constituting  a  reserve  to  insure  continuity 
of  service.  Detailed  estimates  of  the  cost  of  such  a  plant  total 
$3,185,000,  which  is  equivalent  to  $63.70  per  kilowatt,  exclusive 
of  the  reserve  unit.  This  figure  will  cover  a  plant  designed  and 
constructed  for  permanency  and  for  low  production  cost.  Assum- 
ing that  the  available  market  is  such  that  the  annual  load  factor 
will  be  50  per  cent  the  output  of  the  plant,  when  fully  loaded,  will 
be  219,000,000  kilowatt-hours,  and  its  coal  consumption — assiun- 
ing  bituminous  coal  of  14,000  B.t.u.  per  pound — ^will  approx- 
imate 200,000  tons  per  annum.  Allowing  12  per  cent  to  cover 
interest,  amortization  and  taxes,  the  total  annual  cost  of  oper- 
ating the  plant  and  the  cost  per  kilowatt-hoiu*  will  be  approx- 
imately as  shown  in  the  following  table,  depending  upon  the 
price  of  coal. 
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Price  of  coaI  per  ton 

$1. 

$382,200 
175.000 

$2. 

382.200 
176.000 

$3. 

382.300 
176.000 

$4. 

$382,200 
175.000 

$6. 

$382,200 
176.000 

Interest     depreciation     and 

taxes  at  12  per  cent 

Operating  labor  and  material. 

Annual  costs,  ezcluiiing  coal. . 
200.000  tons  coal 

$567,300 
200.000 

557.200 
400.000 

667.300 
600.000 

667.200 
800,000 

667.300 
1.000.000 

Total  anntial  costs. .  . .  , .  . .  .  r 

$757,300 
0.35c. 

$967,200 
O.Uc. 

$1,167,200 
0.53c. 

$1,367,200 
0.62c. 

$1,667,200 
0.71c. 

Cost  per  kw-hr.   50  per  cent 
load  factor 

From  the  standpoint  of  power  production,  we  may  now 
determine  the  approximate  limit  of  investment  in  the  proposed 
hydroelectric  plant,  including  the  dam  and  its  appurtenances. 
It  may  be  assumed  that  annual  operation  and  maintenance  will 
be  $1.00  per  kilowatt.  The  permissible  investment  will  depend 
directly  upon  the  percentage  assumed  for  capital  charges,  includ- 
ing interest,  taxes  and  amortization.  If  the  required  capital 
can  be  secured  from  investors  who  are  content  to  accept  6  per 
cent,  the  total  capital  charges  will  approximate  9  per  cent. 
If  it  must  be  obtained  from  investors  who  have  other  oppor- 
tunities for  investment  where  they  will  not  only  receive  interest 
on  their  investment  but  also  will  have  a  chance  to  double  their 
money  (and  what  industrial  or  commercial  enterprise  can  be 
financed  by  private  capital  which  does  not  offer  this  apparent 
opportunity?)  we  must  assume  capital  charges  at  15  per  cent. 

The  first  cost  per  kilowatt  of  maximum  hour  output  equals 
Cents  per  kw-hr.  X  4380-100 
Capital  charges  %  of  first  cost' 
theoretically  permissible  if  capital  charges  are  taken,  respectively, 
at  (a)  9  per  cent,(b)  12  per  cent,  (c)  15  per  cent,  is  as  follows: 


and   the   limit   of  investment 


Coal  at 

(a)  Cost  per  kw..    9  per  cent 'cap.  charges, 

(b)  Cost  per  kw.,  12  i>er  cent  cap.  charges. 

(c)  Cost  per  kw..  16  per  cent  cap.  charges 


$1. 

$2. 

$3. 

$4. 

$5. 

$157 

$201 

$215 

$289 

$333 

118 

151 

184 

217 

249 

94 

121 

147 

173 

199 

The  above  table,  upon  the  premises  assumed,  leads  to  the 
conclusion,  for  example,  that  in  a  case  where  coal  costs  $3.00 
per  ton  and  capital  can  be  secured  upon  terms  which  make 
total  capital  charges  15  per  cent  per  annum,  an  investment  of 
$147.00  per  kilowatt  is  justified. 
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Before  accepting  this  or  other  conclusions  from  the  table, 
howovrr.  it  is  hij^'hly  important  that  the  fundamental  assumption 
upon  whicli  these  fif^ures  rest,  namely,  that  the  flow  of  the  stream 
i^  sueh  that  the  assumed  amount  of  power  (in  this  case  50,000 
Kilowatts)  will  be  surely  available  at  all  times  throughout  each 
i\\\\\  every  year,  should  be  verified.  The  vital  importance  of 
this  fartor.  which  not  many  years  ago  was  too  lightly  considered 
In-  some  engineers  who  made  themselves  responsible  for  large 
U) vestments  in  this  field,  is  now  well  understood.  The  failure 
to  establish  with  certainty  in  advance  of  construction  the  mini- 
imiin  limit  of  f^ow  has  disappointed  many  expectations  and  in 
luiinerous  instances  resulted  in  very  serious  financial  loss. 
Where  water  fails,  coal  must  be  used,  and,  obviously,  to  insure 
continuity  of  service  a  steam  plant  must  be  constructed  and  at 
times  operated  to  make  p:ood  the  deficit  of  hydraulic  power, 
even  though  this  deficit  should  occur  during  but  one  year  in 
twenty  or  fifty  years.  This  means  duplicating  investment  in 
p(3wer  plant,  and  the  real  value  of  the  water  power  must  be  esti- 
mated upon  a  totally  different  basis. 

As  illustrating  what  happens  in  such  cases,  let  us  suppose  that, 
in  case  of  the  possible  development  which  we  have  been  consider- 
ing, the  variation  in  stream  flow  is  such  that  in  an  exceptionally 
dry  year,  for  a  short  period — perhaps  only  a  f ?w  days — water  is 
so  low  that  practically  no  electric  power  can  be  developed.  If 
this  possible  contingency  must  be  faced,  the  steam  plant  must 
be  constructed  if  it  is  proposed  to  supply  a  power  market  requir- 
ing continuous  service,  and  the  permissible  economic  limit  of 
investment  in  the  water  power  development  is  measured  by 
the  capitalized  value  of  the  saving  which  would  result  from  using 
water  power  as  a  substitu  e  for  steam  power  when  and  to  such 
extent  as  the  water  might  be  available.  The  investment  in  the 
steam  plant  having  been  made,  the  possible  saving  by  substi- 
tuting the  water  power  when  available  is  practically  limited  to 
a  saving  in  coal  and  labor,  but  it  is  obvious  that  the  cost  of  the 
steam  plant,  which  we  have  taken  to  be  about  $64.00  per  kilo- 
watt, must  be  deducted  from  the  investment  which  would  be 
permissible  if  the  water  power  were  absolutely  continuous  and 
reliable.  It  is  evident,  also,  that  a  further  sum,  representing 
the  capitalized  value  of  the  standby  charges  of  the  steam  plant 
and  of  its  operating  charges  while  in  use,  must  be  deducted  from 
the  estimated  permissible  investment. 

If  we  except  the  Niagara  and  the  St.  Lawrence,  there  is  perhaps 
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no  river  in  the  United  States  the  potential  value  of  which  as  a 
producer  of  power  is  not  radically  affected  by  an  occasional 
period  of  very  low  water.  In  the  great^majority  of  power  develop- 
ments on  such  streams  it  will  be  necessary  to  provide  and  utilize 
steam  power  as  an  auxiliary.  Conditions  under  which  this  neces- 
sity has  developed  in  practise,  and  will  continue  to  develop  as 
new  projects  are  undertaken,  are  so  varied  that  it  is  impractic- 
able in  a  short  paper  to  attempt  a  comprehensive  discussion  of 
the  economic  limitations  of  the  problem.  For  our  present  pur- 
pose the  foregoing  illustrations  of  the  limit  of  investment  theo- 
retically practicable  where  capital  is  available,  as  fixed  by- cost 
of  competing  steam  power,  and  the  general  effect  upon  that  limit 
of  any  reduction  in  the  amount  of  water  power  continuously 
available,  are  perhaps  sufficient. 

It  is  an  interesting  fact,  sometimes  overlooked,  that  the  reduc- 
tions in  cost  of  steam  power  which  in  recent  years  has  resulted 
from  decreased  cost  and  increased  fuel  economy  of  steam  plants, 
has  reduced  very  considerably  the  limits  of  investments  in  water 
powers  which,  theoretically  at  least,  were  permissible,  say 
fifteen  years  ago.  Within  that  period  the  cost  of  high-grade 
steam  plants  of  large  size  has  been  reduced  about  $25.00  per  kilo- 
watt. The  amount  of  coal  required  to  produce  a  kilowatt-hour 
has  been  decreased  approximately  one-third,  and  the  capital- 
ized value  of  this  saving  is  a  further  amount  which  must  be  de- 
ducted from  the  investment  permissible  in  developing  a  water 
power. 

As  regards  the  stretch  of  navigable  water  immediately  above 
the  dam  and  resulting  from  its  construction,  it  is  obvious  that 
the  value  of  this  depends  upon  its  relation  to  navigable  water 
above  it  and  below.  In  connection  with  the  construction  of 
the  dam,  it  is  usually  practicable  to  build  locks  of  any  required 
size. 

It  is  not  necessary  to  point  out  to  members  of  this  Institute 
the  fact  that  no  conceivable  general  system  of  inland  water 
transportation  could  parallel  the  railroads  of  this  country  and 
perform  equivalent  service.  Whatever  the  policy  of  our  railroads 
may  have  been  in  the  past  in  regard  to  stifling  competition  by 
boats  operating  on  inland  waterways,  the  controlling  and 
fundamental  reasons  for  the  abandonment  of  approximately 
twenty-five  hundred  miles  of  canals,  constructed  during  the 
first  half  of  the  last  century  by  states  or  by  corporations,  are 
to  be  found  not  in  that  policy,  but  in  the  fact  that  the  invention 
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,  .  ii  Nv  .o,»jiK.jii  ul  ihv^  steam  locomotive  made  it  possible  to 
a  u'loa^K  v^huh,  constructed  at  less  cost  per  mile,  could 
.  .  ai.  Lliu»uv'houl  llic  year,  could  transport  traffic  between 
u.'  iM  ii  |uniii  1  in  u  fraction  of  the  time  required  by  the  canal, 
ill  I     iL    M.m|>.iicitivcly    little   expense   could   provide   terminal 

I  I  iliiu.,,  |>i.uUfally  brinj^ing  the  railroad  to  the  door  of  the 
i.i,  Li.iN    ami   capable  of  easy   extension  to  meet   the    shifting 

II  .j II III  iiuiil  .  (A  (Air  growing  communities. 

(  .iii-il .  \  iivy  between  such  wide  limits,  as  regards  width,  depth, 
.u».l  h.iio^'iapliv  of  the  countr>^  through  which  they  have  been 
1  '.It  iiiK  U'i\,  that  averages  must  be  used  with  caution,  but  it  is 
i\i\iH'AM\y^  to  note  that,  exclusive  of  the  Panama  Canal,  the 
.xt'ywyuU'  len^^th  of  canals  built  by  the  United  States  Govem- 
iiM  hi  up  to  the  present  time  is  something  less  than  1400  miles, 
I  In-  iivj-rage  cost  per  mile  being  approximately  $80,000. 

We  may  compare  with  this  figure  the  average  reproduction 
(  nj.  per  mile  of  single-track  railroad,  as  fixed  by  State  commission 

III  Minnesota,  Michigan  and  Wisconsin,  in  1907,  1900  and  1903, 
respectively.  The  reproduction  cost  as  fixed  by  the  Minnesota 
r.Tiinmission  is  $44,888;  as  fixed  by  the  Michigan  commission, 
$20,138,  and  as  fixed  by  the  Wisconsin  commission,  $30,910. 
'I'he  highest  of  these,  as  will  be  noted  is  a  little  more  than  half 
the  cost  of  the  average  canal  (exclusive  of  the  Panama  Canal) 
hitherto  constructed  by  the  United  States  Government,  while 
the  average  of  the  three  appraisals  is  about  S3o,000.  On  this 
basis  a  double  track  railroad  would  cost  approximately  S60,000 
per  mile. 

As  regards  comparative  si)eed  and  power  consumj^tion  in  oper- 
ating by  electric  power,  on  the  one  hand,  a  canal  using  100-ton 
barges,  and-,  on  the  other,  a  railroad,  it  may  be  interesting  to 
compare  canal  operation,  using  electric  power,  with  results 
attained  on  the  electrified  portion  of  the  New  York,  New  Haven 
&  Hartford  Railroad. 

The  following  data  are  abstracted  from  a  paper  by  Mr.  H.  S. 
Putnam  and  the  writer,  presented  at  the  226th  meeting  of  this 
Institute,  March,  1908,  and  relate  to  the  canal  of  The  Lehigh  Coal 
&  Navigation  Company,  extending  from  Coalport  to  Bristolin 
the  State  of  Pennsylvania: 

Length,  L.  C.  &  N.  Company's  Canal,   Coalport  to  Bristol,  106.2  miles. 
Total  number  of  locks:   Lohi^h  Canal,  48;  Delaware  Canal,  22;  Total  70. 
Size  of  Barge  used  in  test:  length  87  ft.  6  in.;  width  10  ft.  5  in.;  draft 
5  ft.  2.2  in. 
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Weight  of  barge  (tons  of  2000  lbs.):  empty  23.8  tons;  load  113.2  tons; 

total  137  tons. 
Watt-hours  per  total  ton-mile,  4-boat  tows,  about  23  watt-hours. 
Watt-hours  per  freight  ton-mile,  4-boat  tows,  about  33  watt-hdurs. 
Traffic  capacity  of  canals  if  all  existing  locks  changed   to  4-boat  locks: 

40  minutes  interval  between  4-boat  tows  =  72  boats  in  12-hour  day, 

or  maximum  total  tonnage  of  72  X  113.2  -  8150   tons  freight  in 

12  hours. 
Maximum  speed  between  locks,  4-boat  tows:  loaded,  3  mi.  per  hr.; 

empty,  4  mi.  per  hr. 
Time  for  trip  of  106  miles,  about  85  hours  down,  loaded   =  1.25  mi.  per 

hr.  average;  about  75  hours  back,  empty  =  1.42  mi.  per  hr.  average. 

The  watt-hours  per  ton -mile  were  determined  by  test,  the 
company  having  eqmpped  several  miles  of  its  canal  with  an 
electric  haulage  system,  with  a  view  to  determining  the  advis- 
ability of  substituting  electric  power  for  mules.  It  will  be  noted 
that  the  energy  required  per  ton-mile,  using  foiu'-boat  tows, — 
the  average  load  of  the  barges  being  113.2  tons — was  about  23 
watt-hours  for  a  maximum  speed  of  three  miles  per  hour  between 
locks  and  an  average  speed  of  1.25  miles  per  hour  between  ter- 
minals of  the  canal. 

On  the  electrified  portion  of  the  New  York,  New  Haven  & 
Hartford  Railroad,  during  October  and  November,  1914,  the 
energy  consimiption  per  ton-mile  of  train  weight  was  27.3  watt- 
hours  in  the  case  of  slow  freight,  averaging  10.85  miles  per  hour, 
and  28.5  watt-hours  per  ton-mile  in  the  case  of  fast  freight,  averag- 
ing 18.2  miles  per  hour.*  On  this  part  of  the  New  Haven  freight 
runs  are  comparatively  short  and  power  consumption  conse- 
quently high,  and  it  is  safe  to  say  that  in  the  case  of  a  run  of  106 
miles,  under  average  conditions  of  stoppage  and  interference  ob- 
taining on  double-track  railroads  in  the  United  States,  power  re- 
quired to  maintain  an  average  speed  of  eighteen  miles  per  hour 
would  not  exceed  that  required  in  the  case  of  The  Lehigh  Coal  & 
Navigation  Company  canal  in  maintaining  an  average  speed  of 
1.25  miles  per  hour. 

As  regards  capacity,  it  will  be  noted  that,  even  were  the  locks 
of  the  canal  between  Coalport  and  Bristol  so  reconstructed  as  to 
permit  operation  of  foiu'-boat  tows,  the  maximum  tonnage  in 
one  direction  during  a  twelve-hour  period  is  8150  tons.  In  this 
instance  the  cost  of  a  double-track  railroad  would  not  exceed 
that  of  the  canal,  and  it  is  obvious  that  its  capacity  would  be 
greatly  in  excess  of  the  maximum  traffic  possible  through  the 

♦Article  by  W.  S.  Murray  in  Railway  Age  Gazette,  April  30,  1915 
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canal.  For  example:  a  2500-ton  train  would  cam-  about  1600 
tons  of  coal,  and  it  would  be  necessar>'  to  pass  only  five  such 
trains  over  the  road  in  a  given  direction  during  twelve  hours  to 
equal  the  capacity  of  the  canal.  On  a  double-track  railroad  such 
trains  could  be  easily  operated  on  thirty  minutes  headway,  which 
would  mean  a  freight  capacity  in  each  direction  equal  to  4.7 
times  that  of  the  canal.  In  the  case  of  the  railroad  it  would  be 
possible,  if  necessary,  to  double  this  capacity  by  decreasing  the 
headway  to  fifteen  minutes,  which,  for  a  speed  of  eighteen  miles 
an  hour,  would  be  entirely  practicable. 

Without  pursuing  this  subject  further,  it  is  evident  that,  from 
an  economic  standpoint,  practicable  development  of  our  inland 
waterways  is  limited  to  a  comparatively  small  number  of  rivers, 
whose  channels  through  a  relatively  large  proportion  of  their 
utilizable  length  are  of  sufficient  depth  to  permit  boats  of  reason- 
able draft  to  navigate  them,  and  which  are  so  located  as  to  permit 
shipment  of  heavy  tonnage  over  considerable  distances.  There 
are  enough  of  such  rivers  within  the  boundaries  of  the 
United  States  to  justify  the  unprejudiced  thought  of  our  states- 
men and  the  best  efforts  of  our  engineers  The  amount  of  money 
that  will  be  called  for  in  the  development  of  projects  of  this  kind 
which  are  economically  soimd  is  so  great  that  every  expenditure 
of  public  or  private  capital  upon  power  or  transportation  enter- 
prises which  cannot  justify  themselves  when  examined  in  the 
cold  light  of  economic  science,  means  delay  in  the  development 
of  other  enterprises  which  would  constitute  valuable  additions 
to  our  resources  in  power,  transportation  and  manufacturing 
industry. 
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Discussion  on  '^Electrochemical  Industries  and  Their  In- 
terest IN  the  Development  of  Water  Powers  " 
(Addicks),  **  Water  Power  Development  and  the  Pood 
Problem"  (Cushman),  **  Relation  op  Water  Power 
TO  Transportation  "  (Stillwell),  Washington,  D.  C, 
April  26,  1916. 

David  B.  Rushmore:  As  we  all  know,  the  world  in  its  advance 
has  been  marked  by  certain  definite  epochs  which  have  been 
associated  more  or  less  with  certain  inventions.  Unfortunately, 
not  all  of  these  have  been  recorded  in  the  United  States  Patent 
Office,  because  when  man  invented  power  and  the  use  of  powder, 
and  the  use  of  fire,  the  Patent  Office  was  not  organized. 

It  is  interesting  to  see  that  the  civilization  which  we  have  in 
this  age  is  sharply  distinguished  by  certain  features,  and  to  my 
mind  the  particularly  distinguishing  feature  of  this  age  (which  we 
will  say  runs  back  something  over  one  hundred  years)  is  the 
large  use  of  energy  and  the  great  advantage  which  has  followed 
from  its  use.  Our  whole  civilization  is  based  on  the  fact  that 
we  consume  an  amount  of  energy  per  individual  far  in  excess 
of  the  energy  which  that  individual  can  evolve. 

If  we  had  a  complete  statement  of  the  facts,  we  would  find 
that  in  the  last  one  hundred  years  there  has  been  an  enormous 
increase  in  the  use  of  energy  per  inhabitant.  The  world,  and 
particularly  the  United  States  of  America,  in  the  past  hundred 
years  has  gone  through  a  rapid  cycle  of  activities.  Their 
sequence  has  been  exploration,  hunting  and  fishing,  lumbering, 
mining,  agriculture,  and  finally  industry,  including,  manufactur- 
ing. 

The  United  States  is  approaching  the  industrial  age,  and  that 
is  one  of  the  reasons  for  some  of  the  economic  diseases  which 
we  may  or  may  not  be  able  to  ward  off.  The  food  products  are 
falling  off,  exports  of  manufactured  products  increasing.  This 
indicates  a  change  of  flow  of  commodities. 

Now,  this  being  an  industrial  age,  and  the  age  being  founded 
upon  the  consumption  of  energy,  it  is  rather  interesting  to  show 
in  brief  outline  what  our  principal  industries  are.  At  the  top 
stands  slaughtering  and  packing,  and  it  is  followed  by  foundries 
and  machine  shops,  lumber  and  timber,  iron  and  steel, 
flour  and  grist  mills,  printing  and  publishing,  cotton  goods, 
men's  clothing,  boots  and  shoes,  woolen,  worsted  and  felt 
goods,  tobacco,  car  shops,  bread  and  bakeries,  iron  and  steel 
blast  furnaces,  woman's  clothing,  copper  smelting  and  refining, 
malt  liquors,  leather,  sugar  and  molasses,  not  including  beet 
sugar,  butter,  cheese  and  milk,  paper  and  wood  pulp,  automobiles 
furniture,  petroleum  refining,  electrical  machinery,  distilled 
goods,  hosiery  and  knit  goods,  and  a  great  many  others,  in  which 
the  value  of  the  annual  production  is  over  $100,000,000. 

Now,  if  we  withdrew  the  energy  from  the  world,  if  we  for  a 
moment  withdrew  the  energy  from  our  civilization,  we  would 
go  down  like  an  infant  whose  food  is  withdrawn  from  it.     That 
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means  that  our  civilization  is  dependent  on  energy,  and  anything 
which  affects  the  production  of  energy  seriously  affects  the  con- 
tinuance of  our  civilization. 

Water-power  is  one  of  the  sources  of  energy,  fixed  as  regards 
location  and  fixed  as  regards  certain  attributes  and  factors  which 
it  involves.  Energy  we  must  have  for  our  civilization.  And 
what  is  the  attitude,  or  what  is  the  relation,  of  the  different 
factors  of  chemical  industries,  of  food  production,  of  transporta- 
tion to  the  source  of  energ>'  on  which  they  will  draw? 

First,  the  problem  goes  back  to  the  one  which  we  have  often 
considered,  that  of  conservation.  The  only  way  to  conserve 
a  waterpower  is  to  use  it,  and  the  only  way  to  conserve  a  coal 
supply  is  not  to  use  it.  A  question  that  is  not  often  raised,  but 
is  involved  in  all  of  the  papers  this  afternoon,  is  the  great  im- 
provement in  steam  generating  apparatus,  both  as  regards  the 
decrease  in  cost  and  the  increase  in  efficiency,  but  we  make  a 
great  mistake  in  making  use  of  the  cost  of  coal  instead  of  the 
value  of  coal.  If  the  last  ton  of  coal  in  the  world,  the  final  ton, 
before  we  go  in^o  something  else,  cost  80  cents,  we  can  all  say 
that  its  value  will  be  worth  more  than  80  cents,  so  that  the  value 
of  the  coal  and  oil  supply  which  we  are  not  conserving  in  any  way, 
in  fact,  we  are  now  wasting  it,  by  allowing  such  waterpowers 
to  go  unused  as  might  be  economically  developed  cannot  be 
determined  by  the  present  cost  of  coal.  We  are  detracting  just 
that  much  from  some  future  condition  of  civilization. 

Now,  if  the  government,  if  a  combination  of  individuals, 
committed  some  act  which  robbed  our  civilization  of  some  of  its 
food  supply,  or  of  some  other  necessity  equally  great,  or  even  of 
some  of  its  pleasures,  there  would  be  protest.  Just  that  same 
cause  for  dissatisfaction  exists  against  ourselves,  for  we  are  all 
involved,  not  utilizing  in  the  best  way  we  can  the  sources  of 
energy  which  are  at  hand,  and  whose  use  would  not  diminish 
their^worth,  and  persisting  in  the  use  of  sources  of  energy  which 
may  ultimately  become  exhausted.  Take  into  consideration 
the  per  capita  increase  in  coal  consumption,  increase  in  com- 
modities, increase  in  industry  and  transportation,  we  can  see 
that  it  cannot  go  on  forever. 

The  question  of  waterpower  and  its  relation  to  these  different 
energies  is  this — waterpowers  are,  some  of  them,  susceptible 
to  present  economic  development.  My  personal  belief  is  there 
are  many  waterpowers  in  the  United  States  where  power  can  be 
developed  at  the  power  house  for  much  less  than  steam  will  ever 
be  capable  of  being  developed,  but  water  power  at  the  power 
house  i?  different  from  water  power  one  hundred  miles  away. 
Many  of  our  electrochemical  industries  could  be  located  at 
the  power  tiouse  in  so  far  as  the  simple  question  of  power  is 
concerned.  Many  plants  are  already  so  situated,  but  in  the 
long  run  the  question  of  the  transportation  of  materials  controls. 

I^^do  not  place  the  blame  for  the  lack  in  waterpower  develop- 
ment on  any  one  in  particular.    As  I  see  it,  and  under  the  situa- 
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tion  as  it  has  arisen,  the  people  do  not  understand  its  value. 
They  sit  still,  until  some  one  devises  and  works  out  some  prac- 
tical way  of  doing  things.  When  the  people  are  educated,  so  that 
they  can  understand  what  is  going  on,  then  they  will  take 
action  with  regard  to  the  development  of  such  problems. 

The  railway  electrification  which  has  taken  place  in  this 
country  started  in  the  East.  The  first  railway  electrification 
was  practically  forced  by  legislation,  due  to  an  accident  in  New 
York,  and  that  has  meant  that  the  railway  electrification  has 
been  largely  based  on  steam  power,  on  energy  derived  from  coal. 
There  has  just  begun  a  larger  railway  electrification.  The 
transcontinental  trunk  lines  have  taken  up  electrification.  The 
Chicago,  Milwaukee  &  St.  Paul  is  the  first  one  to  go  into  the 
use  of  energy  derived  from  waterpowers.  They  are  electrifying 
440  miles  of  their  road  between  Harlowton,  Montana,^  and 
Avery,  Idaho,  the  first  half  *of  this  being  completed  and 
in  successful  operation.  Some  of  the  results  secured  are  that 
the  cost  has  been  reduced,  the  weight  of  the  trains  increased,  and 
the  speed  of  the  trains  increased.  Prior  to  the  electrification, 
a  considerable  proportion,  I  do  not  know  the  exact  number,  but 
I  think  it  was  not  far  from  15  per  cent,  of  the  locomotives  on  the 
railroads  were  simply  hauling  fuel  for  the  other  locomotives  to 
use.  They  have  been  cut  out.  One  of  the  greatest  dangers  on 
the  mountain  lines  is  the  braking  of  passenger  and  freight  trains 
going  down  hill,  and  the  life  of  the  brake  shoe  is  very  short. 
With  electrical  motors  there  is  nothing  to  wear  out,  not  only  is 
the  braking  done  without  mechanical  friction,  but  power  is 
brought  back  in  the  line. 

The  very  great  likelihood  is  that  this  road  will  soon  electrify 
all  the  way  through  to  the  Pacific  Coast,  and  that  will  force 
the  other  railroads  to  electrification,  and  force  the  uti- 
lization of  these  waterpowers,  if  there  is  any  way  of  bring- 
ing that  about.  It  will  require  a  vast  investment,  which 
the  railroads  ha^e  got  to  provide.  If  they  cannot  afford  it, 
they  must  attract  this  investment  in  order  to  bring  about  this 
use  of  energy.  When  this  waterpower  is  utilized  there  will  be  a 
saving  of  other  forms  of  energy  to  civilization,  a  saving  of  coal, 
which  will  not  have  to  be  burned  up  until  some  time  later. 

The  point  which  we  are  all  looking  at  is  this — the  relation  of  all 
these  factors  of  waterpower  utilization  to  our  modem  require- 
ments of  consumption.  We  must  bear  in  mind  that  once  a 
waterpower  is  developed  into  practical  operation  its  supply  of 
energy  is  continuous  and  not  diminished  by  time.  Some 
sources  of  waterpower  energy  are  sometimes  inaccessible,  some- 
times they  are  expensive  to  deliver,  and  sometimes  they  have  a 
very  intermittent  stream  flow.  In  certain  cases  the  waterpower 
can  be  tied  in  with  another  system,  a  steam  station,  which,  with 
the  waterpower,  will  develop  power  for  transmission  over  long 
distances.  In  some  cases  the  waterpower  plant  cannot  be 
physically  or  economically  separated  from  the  steam  plant,  as  a 
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matter  of  fact,  and  the  question  is  always  before  us  how  best 
to  bring  about  the  most  economic  utilization  of  such  water- 
powers  and  how  best  to  conserve  our  fast  diminishing  coal 
supply. 

F.  A.  Lidbury:  There  seems  to  be  no  doubt  from  the  papers 
we  have  heard  this  afternoon  that  whatever  other  applications 
for  water  power  may  be  successfully  prosecuted  in  the  future 
the  consimiption  of  water  power  by  the  electrochemical  industry 
is  one  that  can  certainly,  given  favorable  circumstances,  be 
counted  upon  to  grow  very  considerably.  Mr.  Addicks  has 
covered  very  briefly  and  very  concisely  the  large  number  of 
factors  which  enter  into  the  employment  of  water  power  for 
electrochemical  purposes,  and  the  paper  is  worthy  of  study  be- 
cause among  those  who  are  not  closely  familiar  with  conditions 
in  the  electrochemical  industry  it  is  common  to  put  the  whole 
of  the  electrochemical  industries  in  one  class  as  power  consumers. 
They  are  extremely  diverse,  their  requirements  in  power  are 
extremely  diverse,  and  the  relative  importance  of  the  factors  of 
power,  labor  and  other  items  is  also  extremely  diverse. 

We  have  electrochemical  industries  which  have  not  succeeded 
yet  in  obtaining  a  footing  in  the  United  States  because  their 
requirements  in  power  are  enormous  in  extent,  and  because  they 
require  the  power  at  a  price  at  which  this  country  is  as  yet  unable 
to  furnish  it,  and  probably  always  will  be  unable  to  furnish  it. 
We  have,  on  the  other  hand,  industries  which  you  could  not 
drive  away  from  this  country  no  matter  what  the  power  condi- 
tions were,  industries  such  as  that  Mr.  Addicks  is  associated  with, 
the  refining  of  copper,  in  which  operation  the  cost  of  power  is 
such  a  minor  item  that  they  generate  the  power  by  steam. 

These  two  classes  of  electrochemical  power  consumers,  how- 
ever, stand  outside  the  limits  of  that  group  of  electrochemical 
industries  which  is  chiefly  located  at  Niagara  Falls  in  this  country. 
Mr.  Addicks  inquired  why,  in  view  of  the  fact  that  the  price  at 
which  Niagara  Falls  power  is  now  sold  can  not  be  considered 
low,  and  in  spite  of  the  fact  there  *s  a  shortage  of  power  at 
Niagara  Falls,  these  industries  do  not  go  to  other  places.  The 
answer  is — they  stay  there  because  they  are  there.  Why  are 
they  there?  Why  did  they  go  there?  They  went  there  because 
at  the  time  when  these  industries  were  being  developed,  at  the 
time  of  their  birth,  Niagara  Falls  offered  them  the  most  favorable 
ground  which  they  could  select  for  their  development ;  it  offered 
them  a  source  of  power  which  then  appeared  to  be  reasonably 
large  for  their  needs,  a  source  of  power  at  a  cheap  price,  and  a 
source  of  power  of  an  extremely  reliable  nature.  To  a  great 
extent  it  is  entirely  owing  to  the  fact  that  at  the  time  these 
industries  came  into  existence  that  source  of  power  was  there  in 
that  form  at  Niagara  Falls  that  these  industries  now  are  at 
Niagara  Falls  and  not,  to  a  large  extent,  in  Europe. 

Mr.  Addicks  inquired  why  they  do  not  move  from  Niagara 
Falls  to  other  parts  of  the  country,  particularly  to  those  regions 
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where  they  could  obtain  power  from  steam  at  a  cheap  price. 
That  brings  me  to  a  point  which  Mr.  Addicks  might  have  ex- 
pressed a  little  differently.  He  compares  the  cost  to  an  electro- 
chemical consumer  of  water  power  and  steam  power,  and  taking 
the  cost  of  water  power  around  $20  per  horse  power  per  year, 
which  he  presumes  to  be  the  present  Niagara  price,  compares 
that  with  what  he  conceives  steam  power  can  be  generated  for  in 
large  units.  In  one  case  he  is  dealing  with  a  selling  price  at  one's 
plant  including  a  profit;  in  the  other  with  an  actual  cost.  The 
answer  to  Mr.  Addick's  question  is  that  these  plants  have  been 
moving  and  are  moving  from  the  country.  Those  of  you  who 
are  familiar  with  the  conditions  of  the  electrochemical  industries 
of  Niagara  Falls  know  that  when  the  restriction  was  put  on  the 
power  developments  at  Niagara  Falls,  in  1906  and  1907,  an 
emigration  of  electrochemical  plants  producing  materials  not  for 
foreign  markets  but  for  American  markets  started  and  has  been 
continuing  ever  since.  That  gives,  as  far  as  one  can  answer 
the  future  by  surveying  the  past,  the  answer  to  Mr.  Addicks' 
question — Why  do  the  plants  stay  at  Niagara  Falls?  The  answer 
is  they  do  not,  and  they  will  do  so,  apparently,  to  a  less  and  less 
extent.  The  reason  for  this  is,  of  course,  as  everyone  knows, 
that  there  is  at  present  a  power  famine  at  Niagara  Falls,  par- 
ticularly on  the  American  side  of  the  border. 

The  location  of  such  plants  at  other  points  in  the  United  States 
where  cheap  water  power  may  be  available  is  only  possible  in  the 
majority  of  instances  where  these  water  powers  are  most  favorably 
located.  I  made  some  calculations  a  few  days  ago  comparing  the 
cost  of  water  power  with  the  costs  of  freight  on  finished  electro- 
chemical products.  A  reasonably  cheap  freight  rate,  as  you  can 
all  appreciate,  is  vital  in  the  electrochemical  industry.  It 
appeared  that  a  thousand  mile  haul  to  the  center  of  the  area  of 
distribution  would  be  equivalent  to  a  difference  in  the  cost  of 
power,  as  a  rule,  of  from  $10  to  $20  per  horse  power  year;  in 
one  or  two  instances  much  more. 

So  far  as  the  electrochemical  industry  is  concerned,  this 
question  of  water  power  is  a  vital  and  pressing  subject.  Unless 
the  electrochemical  industry  is  able  to  get  the  power  as  it  requires 
it  in  economically  available  locations,  that  industry  will  relocate, 
and  to  a  great  extent  will  relocate  abroad.  By  the  time  you  have 
converted  power  into  electrochemical  products,  and  utilized 
those  electrochemical  products,  and  have  figured  what  it  would 
mean  to  this  country  to  stop  the  progress  which  those  electro- 
chemical products  hav^e  made  possible  in  the  fundamental  in- 
terests of  this  country,  Mr.  Rushmore's  $100,000,000  a  year  will 
look  like^  nothing. 

Henry  G.  Stott:  The  question  that  seems  to  run  through  all 
of  the  three  papers  might  l.)e  put  in  a  few  words — How  can  we 
get  power  cheaper?  Is  there  any  way  in  which  we  can  develop 
power  cheaper  than  it  is  being  develo])ed  at  present,  which  will 
admit  of  the  development  of  the  electrochemical  processes?     If 
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we  go  back  perhaps  we  will  see  why  the  electrochemical  industries 
today  are  tending  to  move  away  from  Niagara  Falls. 

Fifteen  years  ago  Niagara  Falls  was  unquestionably  producing 
power  more  cheaply  by  water  than  by  any  other  method  which 
could  be  found  in  this  country.  In  the  meantime  the  evolution 
of  hydroelectric  equipment  has  gone  on  quite  slowly,  as  it  had 
a  very  high  initial  efficiency.  Let  us  look,  on  the  other  hand, 
at  the  steam  plant.  The  hydroelectric  plant,  let  us  say,  has 
made  10  per  cent  advance  in  fifteen  years,  but  in  capital  cost  it 
has  not  made  any  advance  at  all,  if  anything  the  capital  cost  has 
gone  up,  as  the  cost  of  labor  and  material  has  run  up. 

Let  us  look  at  the  steam  plant.  To  begin  with,  the  capital 
cost  of  the  steam  plant  in  fifteen  years  has  been  a  little  more 
than  cut  in  two.  The  next  point  is  that  the  steam  plant  is 
now  making  power  with  approximately  one-half  the  coal  re- 
quired fifteen  years  ago.  Those  are  two  enormous  points  of 
advantage. 

I  was  very  much  interested  in  going  over  a  situation  recently 
which  involved  tacking  on,  as  it  were,  a  steam  plant  to  a  large 
hydroelectric  system.  It  fell  to  my  work  to  look  into  the  eco- 
nomics of  the  situation  as  well  as  the  engineering  possibilities. 
After  going  into  the  situation  carefully  I  came  to  the  conclusion 
that  up  to  a  certain  load  factor  we  can  today  produce  power 
more  cheaply,  with  a  lower  overall  cost,  (including  fixed  charges, 
and  operating  cost),  by  a  steam  plant  than  we  can  by  any 
hydroelectric  plant  now  in  existence  applied  to  this  particular 
case. 

The  overall  costs  of  power  were  approximately  equal  at  a  load 
factor  of  60  per  cent.  Above  that  the  hydroelectric  plant  began 
to  show  a  little  better  results  than  the  steam  plant.  Below 
that  point  the  steam  plant  was  better  relatively  as  the  load  factor 
went  down. 

Now,  what  we  learn  from  these  facts,  is  simply  this — that 
if  we  want  to  produce  power  at  a  lower  cost  than  we  can  do 
today  by  hydroelectric  plants,  we  must  use  some  combination  of 
steam  and  hydroelectric  power,  the  steam  plant  for  the  peak 
loads  and  the  hydroelectric  power  for  that  part  of  the  load 
having  load  factors  of  over  60  per  cent. 

With  this  combination,  as  I  found  in  the  investigation  referred 
to,  the  total  cost  of  power,  showed  a  reduction  over  what  could 
be  produced  by  either  steam  power  or  hydroelectric  power  alone. 

There  is  one  feature  that  Mr.  Rushmore  touched  on,  which 
it  seems  the  whole  discussion  should  go  back  to,  and  which  we 
should  present  to  our  legislatures  and  explain  the  situation  as 
clearly  as  possible  to  them;  that  is,  if  we  can  produce  steam  for 
the  average  purposes,  for  the  use  of  those  industries  which  in- 
volves the  use  of  a  load  factor  considerably  below  50  per  cent, 
why  bother  with  hydroelectric  power  at  all?  There  is  no  use 
in  going  into  it  where  the  load  factor  is  below  50  per  cent.  There 
is  hardly  a  single  hydroelectric  power  left  which  it  will  pay  to 
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develop  if  the  load  factor  is  below  50  per  cent.  The  conserva- 
tion of  our  limited  supply  of  coal,  however,  demands  that  every 
possible  means  of  reducing  the  annual  consimiption  of  fuels 
should  be  enforced  for  the  benefit  of  posterity. 

At  the  time  of  the  last  census  there  were  approximately 
1,750,000  kilowatts  developed  hydroelectrically  in  this  country. 
I  wonder  if  we  realize  what  that  means?  That  means  that  ap- 
proximately 20,000,000  tons  of  coal  per  anntun  are  saved  to 
posterity.  That,  it  seems  to  me,  is  the  real  point  that  we  should 
drive  into  the  minds  of  our  legislators  if  we  can, — we  should  do 
everything  possible  to  save  our  limited  supply  of  fuel. 

The  improvement  in  the  eificiency  of  steam  plants  has  been 
remarkable  during  the  last  fifteen  years,  so  much  so  that,  as  I 
said  before,  the  total  cost  of  power  has  been  cut  in  two.  I 
think  thertf  is  a  possibility  of  going  still  further,  there  is  perhaps 
10  or  15  per  cent  left  to  work  on  with  the  present  cycle,  but  the 
important  thing,  it  seems  to  me,  is  to  stop  the  use  of  coal  wherever 
we  can  do  without  it,  by  developing  our  hydro  power.  That 
would  look  like  a  good  situation  for  the  government  to  consider 
in  aiding  rather  than  retarding  the  development  of  hydro  power . 

Gano  Dunn:  The  average  load  factoi  of  all  the  central  sta- 
tions in  the  country,  including  water  powers,  according  to  some 
government  figures  I  recently  saw  which*!  trust  I  interpreted 
correctly,  is  under  20  per  cent,  which  drives  home  the  importance 
of  Mr.  Stott's  remarks  about  the  difficulty  of  a  water  power 
competing  in  the  power  market  with  a  steam  power  when  water 
power  is  only  good,  or  at  its  best,  at  high  load  factors,  and  can- 
not hold  its  own  at  low  load  factors  with  the  present  efficiency 
of  steam  production. 

Those  interested  in  the  water  powers  are  keenly  desirous  of 
finding  some  way  of  getting  the  cost  of  power  down,  in  a  way 
that  might  be  regarded  as  intrinsic,  as  distinguished  from  the 
way  Mr.  Stott  referred  to  and  others  have  referred  to  of  supple- 
menting the  water  powers  with  some  auxiliary.  An  intrinsic 
way  would  be  the  development,  of  processes  that  could  take 
secondary  power,  whose  costs  of  interruption  under  the  second- 
ary power  plan  would  not  more  than  offset  the  gains  due  to  the 
cheapness  of  secondary  power. 

I  hope  we  can  get  a  full  discussion  from  our  electrochemical 
friends  in  regard  to  the  degree  of  interruption  permissible,  and 
its  economic  effect  in  order  that  we  may  study  to  what  extent 
secondary  power  can  be  used  to  absorb  the  now  wasted  surplus 
power  of  a  great  many  hydroelectric  developments.  Such 
absorption  would  not  only  give  cheap  secondary  power  but  would 
have  a  reaction  reducing  the  cost  of  the  primary  power;  in  other 
words,   both  services  would  be  considerably  reduced  in  cost. 

Mr.  Stillwell  significantly  points  out  the  changed  equation 
between  steam  power  and  water  power  in  application  to  the 
electrification  of  railways.  It  is  unfortunate  that  three-quarters 
of  our  power  consumption  is  in  the  east  and  three-quarters  of  our 
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,v,  ♦  '  i'  w  tu  I  pvNNtTN  arc  in  the  west,  but  if  we  want  to  do  some- 
,"- '.  •/s'Mi  ihr  \vau*r  power  situation,  and  do  it  promptly, 
x^»  ^,'M'  vnmmw;  mlo  llir  rralm  of  doubt,  there  is  a  large  amount  of 
x^s-\  ,v«i  v»vii  l»\  aUa("king  those  situations  where  the  water 
..,.s>s'  >  isiUvilU  ihcaiRT  than  steam  power  on  account  of  the 
K.,\  ,v.  I  ^^l  nul.  and  where  the  railw^ays  would  benefit  enor- 
...  .v»  In  h\  naiiv:  Mii'h  water  power  as  is  available.  One  reason 
.^,^  hivr  iM»l  used  it  in  the  past  has  been  quarrels  among 
,!.,nis  il  m^'.mfcrs  as  to  which  system  of  equipment  was  the 
».,  I  I  lir-.r  (|ui':>tions  are  very  rapidly  settling  themselves. 
Mu  I  tilii'ad  men,  who  are  conscr\'ative,  have  been  deterred 
(m>im  ailopiin^^  fleet rical  systems,  not  knowing  how  soon  they 
ktii.'lii  l.f  rlianged.  In  introducing  electrification  upon  the 
4  iilNN.n  .  It  lias  recjuired  large  amounts  of  cajntal,  and  capital 
h.i.  I'ii-ii  dillicult  to  raise  in  the  last  decade  on  account  of  rate 
I  t>M  I  la  I  ions  and  similar  restrictions,  as  well  as  on  account  of  the 
I'iiHial  attitude  of  the  public;  and  the  railways  have  felt  that  it 
w  nil  Id  he  better  to  "  sufler  the  ills  they  have,  rather  than  fly 
Id  oilier;  ihey  knew  not  of."  It  is  for  us  to  show  that  this  time 
li,e-  pa",?;ed,  and  that  the  time  for  the  more  general  electrification 
of   I  lie  railways  is  at  hand. 

If  tlio^e  interested  \jn  water  powers,  and  if  those  interested  in 
I  he  electrification  of  railways,  es])ecially  in  the  Pacific  and 
mountain  states,  will  devote  their  energies  to  bringing  the  various 
interests  and  engineers  together,  so  that  there  may  be  mutual 
understanding,  we  can  at  least  make  a  good  start  by  using  such 
water  powers  as  at  present  can  be  used  to  advantage.  Once 
we  started,  there  would  be  indirect  advantages  of  electrification 
that  will  start  a  general  movement  and  will  show  that  these 
indirect  advantages  have.  |)erhaj)s,  been  underestimated,  and 
there  will  then  be  e(iuiij])ed  with  water  power  many  railroads 
which  now  think  they  are  not  quite  ready  for  the  equipment, 

J.  B.  Whitehead:  It  has  been  emphasized  that  the  cost  of 
electric  power  from  steam  plants  has  been  decreasing  while  that 
of  power  from  water  [)lants  has  remained  i)ractically  stationary. 
The  ex])lanation  lies  in  the  general  low  efiiciency  of  steam  plants, 
offering,  therefore,  opi)orttmity  for  improvement  and  also  the 
lower  first  cost  due  to  the  develoi)ment  of  the  steam  turbine. 

The  question  arises-  would  it  in  any  way  be  ])ossible  to  im- 
prove the  showing  of  the  hydroelectric  plants  in  the  same  direc- 
tions if  efforts  corres])on(ling  to  those  exerted  in  the  steam  prob- 
lem were  also  directed  to  the  water  plants?  While  improve- 
ments in  the  efficiency  of  water  power  plants,  comparable  to 
those  possible  for  the  steam  plant,  may  not  be  looked  for,  it 
should  be  possible,  in  certain  types  of  plants,  to  reduce  the  first 
cost  of  the  station.  Savings  should  be  possible  in  an  aggregation 
of  electrochemical  industries  and  a  w^ater  plant  in  which  the 
generating  station  would  operate  at  moderate  voltage  and  with 
the  elimination  of  high-tension  control  and  protection.  It 
would  also  appear  not  impossible  to  have  the  generating  station 
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under  these  circumstances,  practically  of  an  out  of  door  type, 
with  such  simplified  control  as  would  be  necessary,  located  in 
one  of  the  industrial  plants.  While  this  does  not  attack  the 
larger  cost  of  the  dam  and  reservoir  it  seems  to  offer  some  op- 
portunity for  further  reduction  of  cost  of  the  station. 

L.  H.  Baekeland:  The  standpoint  of  the  chemist  or  electro- 
chemist  can  be  summed  up  in  this  way — we  know  how  to  take 
care  of  the  chemical  side  of  the  proposition,  but  we  are  enor- 
mously hampered  by  the  lack  of  cheap  power.  We  hoped  that 
you,  electrical  engineers,  were  going  to  help  us  in  our  needs. 
But  when  you  talk  so  hesitatingly  about  the  possibility  of  our 
water  powers  being  cheapened,  and,  on  the  other  hand,  when  we 
consider  that  our  increasing  steam  power  plants  will  exhaust 
so  much  the  sooner  our  available  supply  of  coal,  I  must  say  that 
I  feel  somewhat  disappointed. 

The  situation  is  as  follows:  In  some  of  our  electrochemical 
industries,  we  are  suffering  from  lack  of  abundant  power  even 
at  high  prices,  say  $20.00  a  horse  power  year.  The  case  has 
been  very  well  stated  by  Mr.  Lidbury.  There  are  certain 
electrochemical  industries  where  we  can  afford  to  pay  relatively 
well  for  power,  provided  we  get  the  power  at  the  right  locality, 
the  right  point  for  the  market,  the  right  point  for  freight,  the 
right  point  for  raw  materials,  and  the  right  point  for  labor. 
Niagara  Falls  is  one  of  those  places,  but  the  amount  of  power 
produced  is  all  taken  up,  and  further  development  is  prohibited 
by  law.  Then  there  are  some  industries  which  could  not  live  in 
Niagara  Falls,  even  if  you  could  supply  them  with  all  the  power 
of  Niagara  Falls,  because  the  price  of  power  there  is  too  expensive, 
and  I  cannot  better  illustrate  this  than  by  taking  the  example  of 
our  contemplated  nitric  acid  supply  in  relation  to  the  defenses 
of  the  country.  When  it  comes  to  making  nitric  acid  for  war 
purposes,  it  does  not  matter  how  much  it  costs,  because  it  then 
can  be  made  regardless  of  cost.  Nowadays  the  people  who  are 
fighting  in  Europe  do  not  figure  how  much  it  costs  them;  some- 
one else  will  have  to  pay  for  that.  For  example,  phenol  which 
in  times  of  peace  is  rated  expensive  at  seven  cents  a  pound  when 
it  is  to  be  used  for  peaceful  industrial  purposes  was  found  cheap 
enough  for  the  making  of  explosives  in  time  of  war  at  $1.75. 
The  same  thing  can  be  said  of  nitric  acid.  The  Germans,  when 
they  wanted  nitric  acid,  did  not  discuss  the  question  of  the  cost 
of  power;  they  simply  erected  steam  and  gas  power  plants  as 
fast  as  they  could  so  as  to  become  independent  from  Chile  salt-  - 
peter  in  their  nitric  acid  supply.  But  there  is  a  more  important 
question  in  connection  with  this  subject,  a  subject  of  far-reaching 
national  importance,  and  that  is  the  production  of  cheap  nitro- 
gen-fertilizers. I  am  sorry  to  have  to  say  that  in  connection 
with  the  production  of  cheap  fertilizers,  the  problem  looks  much 
more  difficult,  because  for  this  purpose,  power  should  not  cost 
more  than  five  or  six  dollars  per  horse  power  year. 

There  is  one  point  of  view  which  has  not  been  brought  out 
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here;  our  more  expensive  water  powers  in  the  United  States,  as 
compared  to  those  of  other  countries,  are  mainly  due  to  the  fact 
that  in  this  country  there  are  always  more  contemplated  enter- 
prises looking  for  capital  than  there  is  money  available.  The 
business  enterprises  of  the  country  are  chronicall}'  short  of 
money.  They  carry  on  so  many  enterprises  and  do  this  as 
quickly  as  possible,  and  this  increases  rates  of  interest ;  further- 
more, our  methods  of  banking  are  rather  t^asteful  as  compared 
with  those  of  Europe.  The  result  is  that  when  we  erect  a  water 
power  the  fixed  charges  which  are  incurred  are  much  heavier 
than  what  they  are  in  Europe  for  similar  enterprises.  Our 
rates  of  interest  here  are  very  high.  In  Europe  people  were 
glad  to  invest  money  at  three  per  cent  in  various  real  estate 
enterprises,  and  in  water  power  developments.  In  this  country, 
by  the  time  you  float  the  bonds  and  give  the  usual  rake-off  to 
promoters,  bankers  and  brokers,  and  after  you  consider  a  lot 
of  side  issues  that  are  involved,  your  water  power  is  already 
carrying  fixed  charges  of  $9  per  horse  power  year,  and  this  charge 
is  fastened  on  the  enterprise  before  you  start  to  operate.  This 
fact  makes  an  enormous  difference  when  we  come  to  consider 
the  cheapening  of  water  power.  Who  is  going  to  change  this 
and  how  is  it  going  to  be  changed,  is  a  matter  on  which  I  can- 
not advise.  Our  bankers  will  have  to  use  less  wasteful  meth- 
ods and  perhaps  the  Government  may  have  to  do  its  share  by 
utilizing  its  excellent  credit  so  as  to  obtain  money  at  low  rates  of 
interest. 

J.  J.  Carty:  One  of  the  purposes  of  this  meeting  was  to  call 
attention  to  the  method  of  making  the  work  of  the  bankers 
less  wasteful — if  that  be  a  proper  term  to  use — by  establishing 
water  powers  upon  a  stable  basis  where  the  investor  could  know 
where  he  stood  from  one  year  to  another.  Money  can  be  ob- 
tained in  this  country  at  low  rates  of  interest  or  at  high  rates  of 
interest,  depending  altogether  on  the  certainty  of  return  and  the 
amount  of  return. 

Owing  to  the  obstructions  which  have  been  placed  in  one  way 
and  another  about  the  development  of  water  power,  prudent 
investors  and  conservative  bankers,  whether  they  be  located  in 
Europe  or  in  America,  have  found  that  only  a  high  rate  of 
interest  would  attract  the  people  away  from  more  stable  invest- 
ments into  the  vicissitudes  of  water  power  development.  If  I 
understand  the  character  of  these  papers  submitted  today,  and 
the  general  situation,  the  main  object  is  to  remove  the  uncertain- 
ties which  entangling  legislation  has  cast  about  the  development 
of  these  water  powers  and  then  the  bankers  and  investors  will 
be  in  a  position  to  reduce  the  cost  of  these  hydroelectric 
powers  by  furnishing  capital  at  a  lowered  rate  of  interest  com- 
mensurate with  the  lowered  risk,  which  would  certainly  ensue 
the  moment  that  stability  enters  into  the  chaotic  legislative 
condition. 
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L.  S.  Randolph  (by  letter):  Mr.  Stillwell  overlooks  one  or 
two  points  in  regard  to  the  locomotive  situation,  which  I  think 
should  be  dwelt  upon. 

The  largest  locomotives  that  we  have  been  able  to  get  only 
give  about  4000  or  5000  h.p.  and  that  seems  to  be  the  limit  for 
the  present  length  of  locomotive. 

Six  drivers  in  series,  or  coupled  by  one  set  of  rods  have  been 
used  but  were  not  found  successful,  five  are  being  used  on  some 
of  the  Western  roads  where  very  heavy  grades  are  concerned, 
but  as  a  rule  four  drivers  coupled  together  or  the  consolidation 
type,  seems  to  be  the  limit  and  in  the  Mallet  many  of  these  are 
running  back  to  three  pairs  of  drivers  coupled  together,  although 
the  Henderson  Mallet  on  the  Erie  has  four  pairs  of  drivers 
coupled  together,  having  three  sets,  making  twelve  pairs.  This 
seems  to  be  the  largest  locomotive  so  far  and  the  problem  comes 
to  "  what  is  the  limit  in  length?'*  as  it  is  practically  impossible 
to  increase  the  cross  sectional  area  of  the  locomotive,  and  there- 
fore increase  its  size  in  that  way.  It  is  as  high  now  as  the  bridges 
and  tunnels  will  stand  and  as  wide,  and  any  increase  in  that 
direction  would  mean  an  entire  rebuilding  of  the  permanent  way. 

So  far,  the  voltages  now  used  permit  9000  h.p.  and  this  has 
been  transmitted  by  one  wire,  two  wires,  of  course,  would  double 
this,  and  with  higher  voltage  and  smaller  amperage  still  greater 
h.p.  could  be  transmitted,  and  with  motors  under  each  car,  as  in 
the  case  of  street  railway  cars  the  limit  is  almost  infinite. 

Another  point  that  should  be  considered  in  figuring  on  the 
economy  is  that  the  coal  consumption  is  really  a  comparatively 
insignificant  item.  If  one  studies  the  development  of  the  steam 
locomotive  he  will  find  that  for  years  and  years,  in  fact,  up  to 
the  last  five  or  ten  years  comparatively  little  attention  was  paid 
to  the  coal  consumption.  This  was  due  to  the  fact  that  the 
addition  of  one  or  more  cars  would  add  to  the  income  of  a  railroad 
enormously  greater  amounts  than  the  cost  of  the  additional  coal; 
so  that  all  the  development  was  towards  increasing  weight,  size, 
lessen  track  resistance,  etc.,  so  as  to  get  the  highest  possible 
hauling  capacity  for  a  locomotive.  Some  five  or  ten  years  ago 
the  limit  of  the  size  of  the  locomotive  was  reached,  and  therefore 
the  limit  of  the  size  of  train  it  pulled.  Attempts  were  made 
then,  not  to  reduce  the  coal  consumption  so  much,  but  to  get  a 
larger  capacity  out  of  the  boiler  and  a  larger  h.p.  capacity  out  of 
the  coal  consumption.  We  had  from  this,  the  introduction  of 
super-heated  steam  and  feed-water  heaters,  which  were  adopted 
not  so  much  towards  the  saving  of  coal  as  for  the  increased 
capacity. 

The  application  of  electricity  to  steam  railroads  is  indicated 
at  the  present  day  wherever  the  density  of  traffic  makes  it 
impracticable  to  handle  readily  the  traffic  with  the  steam  locomo- 
tive, as  a  case  in  point,  it  is  stated  that  on  the  Elkhom  Electrifi- 
cation of  the  Norfolk  &  Western  Railroad  in  West  Virginia,  four 
or  five  electric  locomotives  handle  the  work  that  required  seven- 
teen Mallets  of  the  largest  type. 
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Wherever  such  a  state  of  affairs  exists  as  just  mentioned^ 
electrification  will  ^ive  lar^e  returns  on  the  investment. 

Lawrence  Addicks:  I  think  we  must  all  be  struck  in  this 
discussion  with  the  philosophic  tendency  which  it  has  taken. 
It  shows  that  the  engineer  of  today  has  to  be  a  political  economist, 
a  conclusion  at  which  he  has  been  too  long  in  arriving. 

As  to  Mr.  Lidbury's  discussion  I  think  it  is  safe  to  say  that 
I;ower  could  be  sold  for  S20  a  horse  power  year  from  a  large 
I^lant,  meaning  perhaps  a  25,000  or  30,000-kw.  plant,  but  I 
fjualify  that  to  this  extent,  that  we  assume  the  prices  for  fuel, 
labcjr,  etc.,  that  ])revailed  up  to  a  short  time  ago,  and  not  the 
high  jjrices  that  are  i)revailing  temi)orarily  on  account  of  the  war 
situation. 

As  to  what  Mr.  Stott  said  about  the  load  factor,  of  course,  a 
number  oi  us  in  the  electrochemical  industry  feel  that  we  have  a 
100  per  cent  load  factor,  and  the  question  does  not  enter  there 
as  in  public  utility  work. 

As  to  what  Mr.  Stillwell  said  about  interrui)tions  of  service, 
my  feeling  is  that  it  is  not  practicable  to  talk  about  diurnal 
interruptions,  in  order  to  decrease  the  consumi)tion  of  power, 
of  three  or  six  hours  a  day — I  do  not  believe  it  will  work  out 
satisfactorily,  except  in  some  possil)le  case  such  as  the  carborun- 
dum industry,  where  the  whole  furnace  is  torn  down  after  a 
certain  number  of  hours  run.  I  do  think  there  is  a  possible 
solution,  which  seems  a  little  fantastic.  Suppose  we  took  Ni- 
agara Falls  and  put  the  whole  four  million  horse  power  in  water 
wheels,  anrl  that  it  was  agreed  that  the  plant  should  be  shut 
down  every  Sunday  morning,  for  say  six  hours,  so  that  we  could 
turn  the  water  back  into  the  river.  In  this  way  you  would  satisfy 
everybody.  'Vou  would  satisfy  the  i)ower  peoj)le,  because  they 
would  get  the  ])()wer  which  they  require.  ,  You  would  satisfy 
the  conservation  man,  because  he  would  have  the  scenery,  and 
he  could  see  it  once  a  week.  It  would  satisfy  the  hotel  man, 
because  more  i)eople  would  come  up  to  see  the  river  turned  back 
than  came  to  see  it  nmning  in  full  force. 

Allerton  S.  Cushman:  Mr.  Addicks  has  referred  to  his  im- 
pression that  the  gentlemen  who  have  discussed  these  papers 
have  treated  them  from  a  philosophical  viewpoint.  Thathas 
not  been  the  im])ressi()n  made  upon  my  mind  by  most  of  the 
discussions.  It  struck  me  that  many  of  the  engineers  were 
principally  interested  as  to  w^hether  water  power  or  steam  power 
would  l)e  the  best  i)aying  investment  under  present  load  factor 
conditions.  My  own  mind  has  been  more  exercised  with  the 
probable  future  needs  and  conditions  of  the  country  than 
with  dividend  ])rospects  under  present  conditions.  If  it  is  true 
that  we  are  to  exi)ect  a  pojmlation  of  two  hundred  million  people 
in  this  country  witliin  the  next  half  century  or  so,  it  is  about 
time  to  begin  to  study  the  power  requirements  of  the  future  and 
to  discuss  water  ])ower  develo]3ment  from  a  somewhat  broader 
view])oint.     For  my  part,  if  it  requires  for  the  time  being  a  sub- 


1916)  DISCUSSION  AT  WASHINGTON  429 

sidiary  steam  plant  to  make  a  water  power  plant  pay,  I  would 
rather  have  it  that  way  than  allow  our  water  to  continually  run 
to  waste.  This  may  not  sound  very  practical,  but  surely  there 
is  such  a  thing  as  building  and  preparing  for  the  future.  More- 
over our  electrochemical  industries  need  water  power,  and  al- 
ready in  some  cases  are  going  abroad  to  find  it.  I  am  at  least 
practical  enough  to  realize  that  if  we  are  to  have  cheap  water 
powers  we  must  have  cheap  money  to  develop  them.  The 
government  can  borrow  money  at  low  rates,  or  the  government 
could  guarantee  or  endorse  water  power  bonds  under  properly 
safe-guarded  conditions.  I  for  one  can  see  no  harm  in  such  a 
suggestion,  and  would  advocate  such  a  plan  if  I  had  the  oppor- 
tunity. To  my  mind  it  is  one  way  of  keeping  the  government  out 
of  business,  but  I  confess  I  would  rather  have  our  government 
develop  those  water  powers  that  ought  to  be  developed  than  not 
have  them  developed  at  all.  •  The  government  might  build  the 
dams  and  lease  the  power  under  proper  regulation,  but  this  would 
mean  the  use  of  government  money,  with  the  usual  pork  barrel 
danger.  Under  a  guarantee  plan,  the  government  would  use 
notWng  but  its  credit  unless  some  water  power  failed  to  earn 
the  interest  on  its  bonds.  Why  should  Norway  get  cheaper 
money  than  we  for  water  power  development?  Some  way  out 
of  this  situation  ought  to  be  found,  for  many  people  in  this 
country  believe  that  these  things  are  worth  doing  and  worth 
doing  now. 

L.  B.  Stillwell:  The  last  speaker,  Dr.  Cushman,  made  a 
statement  which  it  seems  to  me  is  fairly  debatable  from  an 
economic  standpoint.  To  my  mind  the  proposition  that  the 
government  should  endorse  water  power  bonds  is  economically 
as  unsound  as — possibly  it  is  worse  than — the  proposition  that 
the  government  should  build  a  system  of  canals  to  parallel  our 
railway  systems.  The  government  never  yet  has  been  able,  I 
think,  to  father  industrial  enterprises  or  transportation  enter- 
prises with  that  degree  of  scientific  discrimination  which  is 
essential  to  a  right  result. 

Private  capital  in  this  field  needs  no  endorsement  by  the 
government.  What  it  wants  from  the  government  is  security 
of  tenure — definite  title  or  definite  lease — so  that  it  can  at  the 
start  before  making  its  investment  estimate  all  the  essential 
factors  which  it  must  know  in  order  to  justify  investment. 

Until  we  have  evolved  a  very  different  system  of  economic 
administration  of  government  in  this  country,  I  should  be  sorry, 
indeed,  to  see  the  government  embark  upon  a  plan  of  endorsing 
water  power  bonds. 

I  do  not  know  that  there  have  been  any  points  in  my  paper 
which  have  been  discussed  that  I  need  refer  to.  Our  president 
has  touched  with  great  clearness  and  with  emphasis  upon  the 
point  made  by  Dr.  Baekeland  in  regard  to  the  high  rate  of 
interest.  I  believe  that  the  high  rate  of  interest  which  we  have 
to  figure  when  estimating  a  water  power  development  would  be 
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materially  reduced  if  we  could  secure  a  definite  tenure  and  if  we 
could  feel  sure  that  the  going  concern  would  not  become  an  object 
of  unjust  attack  through  the  power  of  taxation.  It  is  the  fact 
that  these  factors  are  today  uncertain  which  in  my  experience 
frightens  investors  away  from  water  power  development. 

The  one  thing  that  we  need  to  do — we  engineers  and  all  of 
our  citizens  who  understand  the  economic  facts — ^is  to  educate 
the  public  and  to  assist  our  legislators  to  get  the  economic  facts 
in  proper  perspective  in  order  that  we  may  secure  legislation 
that  will  permit  us  to  go  ahead.  It  is  nearly  eight  years  now 
since  the  agitation  began  in  regard  to  western  water  powers, 
and  it  would  be  hard  to  name  a  water  power  of  importance  that 
has  been  taken  up  and  developed  de  novo  during  that  time. 
There  are  a  number  of  cases  where  plants  have  been  extended, 
where  a  growing  business  and  the  fact  that  money  was  already 
invested  compelled  an  extension,  but  the  number  of  new  ventures 
is  not  great. 
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WATER  POWER  AND  DEFENSE 


BY  W.  R.  WHITNEY 

Abstract  of  Paper 

The  United  States  has  no  adequate  domestic  source  of  fixed 
nitrogen.  Nitric  acid  is  an  absolute  necessity  in  the  manufac- 
ture of  any  form  of  explosive  as  well  as  in  the  production  of 
dye  stuffs.  Ammonia  or  nitrate  compounds  are  in  increasing 
demand  as  fertilizers.  The  present  dependence  upon  Chile 
is  a  menace  in  case  of  war  and  involves  the  payment  of  export 
duties  and  profits  amounting  to  nearly  $5,000,000  annually  in 
times  of  peace. 

Home  production  is  wholly  a  (question  of  initiative  and  proper 
utilization  of  water  power.  Failure  to  establish  the  industry 
in  the  past  has  been  due  to  economic  conditions,  such  as  the  rela- 
tive proximity  of  Chile  and  the  impossibility  of  competing  with 
the  cheap  water  powers  of  Scandinavia  as  well  as  the  lacK  of  a 
near-b}r  agricultural  demand.  The  growing  need  for  fertilizers, 
the  desirability  of  establishing  a  dye-stuff  industry  and  especially 
the  feeling  of  uncertainty  in  international  relations  make  a  recon- 
sideration desirable. 

National  safety  demands  the  development  of  a  nitrogen 
fixation  industry  whether  it  be  self-supporting  or  not.  But,  the 
industry  once  established,  the  products  would  be  of  the  greatest 
value  in  times  of  peace  and  many  other  industries  would  be 
stimulated  thereby.  Thorough  industrial  organization  is  the 
best  preparedness  for  either  peace  or  war. 

Each  of  the  processes  under  consideration  has  advantages. 
The  problem  is  many-sided  and  far  reaching  and  hence  it  is  very 
desirable  that  the  various  government  departments  concemea, 
those  of  the  Army,  Navy,  Agriculture,  and  Interior,  with  their 
skilled  staffs  and  expert  knowledge,  should  cooperate  in  deter- 
mining the  course  to  be  taken.  Immediate  action  is  very  im- 
portant, since  at  least  two  years  will  be  consumed  in  getting  any 
process  available  into  operation,  after  a  decision  is  reached. 


VIEWS  on  the  relationship  between  our  water  power  problems 
and  the  problems  of  national  defense  are  as  different  as 
they  are  numerous.  No  one  is  safe  in  assuming  that  he  has,  for 
long,  held  the  correct  view,  for  the  correct  view  changes  rapidly 
with  the  conditions,  and  these  changing  conditions  are  not 
entirely  under  control.  There  are  a  few  facts  which  it  may  be 
wise  to  review  because  of  the  changing  conditions  referred  to, 
and  because  all  of  us  are  interested  in  national  welfare. 
A  group  of  these  facts  which  relate  to  what  we  call  fixed 
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nitrogen  should  be  foremost  in  our  interest.  They  may  be 
briefly  stated  as  follows.  The  United  States  has  thus  far  prac- 
ticallv  no  natural  sources  of  niter  or  other  form  of  fixed  nitrogen, 
nor  has  it  developed  any  sources  of  the  artificial  products  beyond 
the  recovery  of  ammonia  from  gas-liquors  and  coke  ovens. 
\itor  has  always  been  the  sine  qua  non  of  explosives,  and  with 
"the  oompli^'^*^'^^  developments  which  have  taken  place  in  the 
♦".  ^M  oi  explosive  m.'itnifacture,  nothing  practical  has  been  pro- 
'  uv^1  wliirh  docs  not  depend  absolutely  upon  niter. 

.p,,^,  old  1\pc  black  gunpowder  which  contained  niter,  sulphur 
...•  '  cV  u^>>.'^l.  ^'"^^'^l  ^^^^*  ^^^^  ^^  such.  The  later  smokeless  powders 
!-■  ,',^  11^0  ol  tlic  tiitric  acid  produced  from  niter  by  means  of 
^...  ,^'  r.no  acid  The  cellulose,  the  glycerine,  and  the  toluol  in 
,..-  ,^^non.  tiilroglycerine  and  trinitrotoluol  respectively,  are 
.^.  ^  ,^  -ntl  utibstitutcs  for  the  sulphur  and  charcoal  of  the  former 
,v.,\^^u>^'^  l»tit  what  we  may  call  the  pepper  in  the  powder  has 
.  sv-,v «;  Imhmi  lh(!  nitro  group  from  the  niter. 

♦  ^w  nirniKJ,    io  those  who  are  considering   the  question  of 

. »  ^^  u>Mlni";s  for  defense,  that  our  sources  of  niter  need  a  lot  of 

.  ,.u  M\»  r     1 1  is  not  at  all  inconceivable  that  our  present  available 

^.»l\   mI  niter  in  South  America  might  become  closed  to  us  in 

.  .,.  v^\  »Mil  ()f  war. 

\  \\\^  problem  oi  a  lumic  source  of  niter  is  an  old  one  in  the 
\  .uird  States.  The  material  has  long  been  used  by  our  fertilizer 
iu,tu  allies.  Organizations  representing  agricultural  interests 
fi  UP  I  ried  to  bring  about  reduction  in  cost  of  fertilizer  necessities 
phosphate,  potash,  and  nitrate  or  ammonia.  We  have  plenty 
\.t  ph«)!;phate  rock  in  the  United  vStates,  so  that  freight  rates  will 
i|.p«n<'ntly  be  tlie  determining  factor  in  the  extent  of  use  of 
I  he.  fertilizer  ingredient.  In  the  case  of  potash  we  are  in  bad 
:lujpe.  We  have  some  unlocked  sources,  but  nothing  com- 
pilable with  the  (}erman  supply.  We  must  learn  how  to 
Jjcs'iply  separate  potash  from  our  felds])ars,  our  seaweeds,  or  our 
ueean  waters,  atid  there  seems  little  chance  that  this  will  be 
reonomically    done   very    soon. 

Hut  when  it  comes  to  nitrate  and  ammonia,  it  is  distinctly 
up  to  us.  The  cost  will  depend  on  the  way  in  which  w-e  use  our 
water  i)ower.  The  raw  materials  come  from  the  air  and  the 
water,  and  ought  to  be  free  to  us.  At  |)resent  we  are  subsidizing 
the  Chilean  government  at  the  rate  of  $2.25  per  ton,  or  nearly 
one  and  one-half  million  dollars  a  year  for  export  duty,  besides 
paying  a  profit  of  ^yq,  to  ten  dollars  per  ton  to  the  producers. 
This  amounts  to,  say,  five  million  dollars  annually. 
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In  addition  to  oiir  fertilizer  interests,  the  country  has  become 
greatly  interested  in  the  aniline  dye  and  chemical  industry 
question.  No  single  chemical  is  so  generally  important  to  this 
industry  as  nitric  acid,  and  with  us  it  is  all  obtained  from  niter. 
This  fact  seems  to  be  an  additional  reason  for  attempting  to 
round  up  our  local  needs  for  fixed  nitrogen,  determine  the  advis- 
able steps  to  take,  and  quickly  take  them. 

It  is  practically  true  that  the  aniline  dye  industry  is  essential 
to  the  manufacture  of  modem  explosives.  The  identical  materials 
which  are  developed  for  dyes,  now  constitute  the  basic  ingre- 
dients of  the  picric  acid,  trinitrotoluol,  and  tetra  nitro  methyl 
aniline  used  in  the  present  war.  The  coal  tar  products,  the  acids 
and  the  apparatus  are  common  to. both  dyes  and  explosives. 
For  this  reason,  if  we  are  to  be  efficient,  if  we  are  to  have  plants 
capable  of  producing  explosives  in  large  quantities  when  needed, 
then  those  plants  must  be  producing  useful  chemical  and  dye 
products  in  times  of  peace. 

If  it  were  only  necessary  to  dam  the  small  water  courses  and 
pump  the  air  through  some  sort  of  simple  apparatus,  in  order  to 
get  niter  more  cheaply,  the  work  would  be  easy.  The  question 
is  in  reality  very  complicated.  It  has  never  seemed  worth  while 
to  dam  the  waterways  to  make  niter  in  this  country.  In  the 
first  place,  our  farms,  except  in  certain  long-tilled  or  special 
localities,  have  not  fallen  so  low  in  productivity  that  it  pays  the 
farmers  to  meet  the  prevailing  costs  of  artificial  fertilizer.  This 
condition  is  a  continually  changing  one,  and  it  is  always  chang- 
ing in  the  one  direction.  We  shall  as  surely  have  to  come  to  the 
extensive  use  of  artificial  fertilizer  as  have  all  the  older  countries. 
Our  western  grain  and  com  states  are  now  producing  only  about 
half  as  much  per  acre  as  are  the  eastern  states,  and  the  difference 
is  in  fertilization. 

Secondly,  we  have  been  able  thus  far  to  procure  Chilean  niter 
for  our  limited  explosive  and  chemical  manufacture,  while  the 
processes  for  obtaining  nitrogen  compounds  from  the  air  have 
been  in  a  state  of  flux  or  development.  '  It  was  a  peaceful  world- 
economy  which  established  the  first  practically  operative  and 
successful  nitrate  plant  in  Scandinavia.  There  such  plants  are 
close  to  the  cheapest  water  powers,  remote  from  all  other  sources 
of  nitrate,  and  near  the  best  markets.  Norway's  water  powers 
differ  essentially  from  our  own.  Nowhere  in  the  United  States, 
not  even  at  Niagara,  are  there  existing  grouped  conditions  such 
as  could  compete  successfully  for  cost  of  power  with  Norway. 
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'-♦  .  '<  •'  -t  generally  remembered,  but  to  engineers  it  should  be 

-      '-  Norway  there  was  the  fortunate  combination  of  ex- 

^^  ,__/.  ^.]evated  water  level,  of  quite  dependable  and    high 

.r,,\,,%^temipted  flow,  with  immediate  ocean  shipping  facil- 

^  -» -  a  world's  hemisphere  of  well  established  market  close  at 

\-.  expensive  dam,  or  any  dam  at  all  was  frequently 

^^>-<s.trv     RuildiTig  sites  were  probably  donated.    Fertilizers 

.  ..^  — ,^vt  exionsivelv  used  and  most  of  the  world's   chemicals 

., '    -\e  SiutTs  were  made  in  the  adjacent  countries.     Under 

...  >^    \->'%^.nons  tliere  was  apparently  no  reason  for  our  country's 

'"•  •:>  work,  and  that  is  why  it  has  not  been  done. 

'V  j^-io  now  conditions  which  make  reconsideration  worth 

>  .       ("^Tio  o\   these  new  conditions  is  our  recently   acquired 

.    ,'    X  ol  inuvrtainty  as  to  the  permanence  of  peace.     Another 

V  :-0A\  in.c  need  for  fertilizers,  and  a  third,  our  desire  to  insure 

•.Ai'.'e  industries  by  producing  our  own  dyes  and  chemicals. 

^.  ,\-  >A  every  human  being  on  the  earth  today  who  has  reflected 

>,.^s  l)een  astounded  at  changes  which  a  few  months  have 

,.  v'r.xvd  ill  the  most  civilized  countries  of  the  world.     It  is  not 

,.     v^ivitii:  tliat  some  of  us  should  look  about  more  or  less  ner- 

..    .v\  lo  see  if  our  powder  is  all  right. 

^^i.l:itlK  ^^y  P^s^  events,  I  think  we  are  justified  in  imagining 
.^^iuions  which  might  eff"cctively  interfere  with  our  continued 
,  vpiv  of  Chilean  niter.  Difficulties  might  arise  before  the  salt 
.,  innied,  as  was  the  case  with  potash  in  Germany  before  the  war. 
V'.  .uisportation  troubles  from  interference  on  the  ocean,  or 
-Amble  in  Panama  might  be  effective  in  shutting  off  our  supplies. 
rerlia[)s  the  danger  is  slight,  but  if  our  importations  of  niter 
should  cease,  then  all  our  efforts  at  dye  stuff  manufacture  would 
\i\\\,  and  all  our  efforts  at  national  defense,  beginning  w^ith 
diplomac}'  and  ending  with  torpedoes,  would  be  as  useless  as  a 
poem  on  Spring.  If  we  cannot  shoot  a  gun,  explode  a  mine  or 
lire  a  tor])edo  without  nitrate,  we  ought  to  be  sure  of  our  nitrate 
before  we  are  forced  into  war.  We  need  i)owder  before  we  need 
soldiers  or  guns.  Evidently  this  is  a  matter  for  mature  deliber- 
ation on  the  part  of  those  best  fitted  to  weigh  the  possibilities. 
Our  requirements  seem  to  suggest  some  early  and  effective 
type  of  cooperation  between  the  department  of  the  Interior, 
the  Agricultural  Department,  the  Army  and  the  Navy,  which 
departments  are  most  intimately  interested  and  best  equipped 
to  form  opinions  on  the  separate  parts  of  this  subject. 

It  is  not  my  intention  to  consider  the  different  ways  of  making 
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nitrates,  but  a  few  words  will  show  how  rapidly  the  industry 
has  recently  advanced. 

Since  the  experiments  of  Bradley  and  Lovejoy  at  Niagara, 
the  Birkeland-Eyde  electrical  process  has  come  into  extensive 
commercial  use  in  Norway.  The  Schonherr  process,  another  arc 
process,  has  been  developed  in  Germany,  and  the  Pauling  pro- 
cess in  Austria.  The  cyanamid  and  Haber  processes  for  ammonia 
combined  with  some  form  of  the  Ostwald  process  for  changing 
ammonia  to  nitric  acid,  have  both  contributed  to  Germany's 
nitrate  needs.  The  cyanamid  process,  using  electrical  power  for 
making  the  calcium  carbide,  which  is  later  employed  for  chemi- 
cally combining  the  nitrogen  of  the  air,  was  said  in  1914  to  be 
represented  by  14  different  plants,  representing  an  investment 
of  $30,000,000.  Since  the  beginning  of  the  war,  this  process  has 
been  greatly  augmented,  apparently  beyond  any  other.  At  the 
present  time,  Germany  is  probably  using  artificial  nitrates 
exclusively,  and  the  allies  are  beginning  to  employ  them  to  a 
lesser  extent. 

It  is  because  no  group  of  our  national  representatives  is  likely 
to  know  all  aspects  of  the  nitrogen  fixation  problem,  that  the 
assistance  of  different  interests  and  departments  seems  worth 
acquiring.  It  seems  certain  that  our  demand  for  nitrates  for 
iise  in  fertilizers,  in  heavy  chemicals,  pharmaceuticals,  and  dyes 
in  time  of  peace,  together  with  our  possible  needs  for  ammunition 
in  times  of  war,  would  justify  radical  steps  which  any  one  of 
these  apparent  demands,  taken  alone,  might  not  warrant.  It 
is  also  probable  that  if  our  peace  needs  were  properly  taken  care 
of,  our  war  needs  would  be  assured  by  the  identical  plants  and 
processes. 

It  has  been  suggested  that  in  an  emergency,  our  electric  street 
car  and  city  lighting  plants  coxild  quickly  be  turned  into  nitrate 
producers.  A  suggestion  of  this  sort  should  be  analyzed  for  our 
government  by  those  competent  to  judge  of  the  possibilities,  and 
not  be  left  to  analysis  by  a  pitiless  fate. 

It  may  be  worth  while  to  offer  an  opinion  on  a  few  of  the  ques- 
tions naturally  asked  nowadays  by  the  engineer  concerning  the 
possibilities  of  nitrate  production  in  the  United  States.  In 
times  of  peace  and  with  present  synthetic  processes,  commercial 
success  is  not  possible  if  the  electrical  power  costs  are  as  high  as 
fifteen  dollars  per  kilowatt-year,  and  there  are  no  profitable  by- 
products. At  about  half  of  this  rate  one  or  more  of  the  present 
processes  might  possibly  compete  with  the  natural  ante-belltmi 
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prices.  This  could  not  be  done  by  the  use  of  small  isolated 
plants,  nor  less  than  full  day  load  of  power.  In  other  words,  it 
would  not  attract  those  who  ordinarily  sell  electric  power. 

This  is  not  the  nation's  question,  however.  It  is  more  a 
question  of  whether,  in  times  of  dire  necessity,  we  could  at  some 
inconvenience  and  high  cost,  effectively  produce  within  a  reason- 
able time  our  own  requirements  of  niter.  Could  a  part  of  exist- 
ing electrical  equipment  be  quickly  utilized  for  this  purpose? 
Under  such  conditions  would  a  part-day  load  be  permissible? 
Could  coal  be  used  for  power?  I  do  not  answer  as  an  expert, 
but  I  think  that  we  may  safely  say  that  it  would  take  us  a  couple 
of  years  to  get  under  way  with  the  manufacture  on  any  appreciable 
scale  after  the  delays  which  would  certainly  be  connected  with 
our  decision  to  start,  were  passed.  The  cost  might  not  be  rela- 
tively greater  than  are  the  increased  costs  of  many  other  pro- 
ducts during  war  time.  Electrical  equipment  already  installed 
might  in  some  cases  be  employed,  but  in  all  probability  this  would 
be  called  upon  for  other  uses  with  greater  advantage  to  the  country . 
As  most  of  our  industrial  plants  would  have  to  do  what  they 
could  best  do,  it  seems  probable  that  entirely  new.  plants  for 
nitrate  would  be  called  for.  I  believe  this  has  been  the  exper- 
ience abroad.  In  any  of  the  synthetic  processes,  extensive  and 
special  types  of  apparatus  are  necessary:  special  transformers,* 
special  combustion  chambers,  large,  capacity  air-liquefiers,  etc. 
In  the  absence  of  water  power  such  a  plant  could  operate  on 
steam  power,  but  should  be  placed  as  near  as  possible  to  a  coal 
supply.  The  possibility  of  utilizing  waste  coal,  if  there  is  any 
such  thing  nowadays,  is  worth  looking  into  in  connection  with 
this  question.  It  does  not  seem  probable  that  part-time  load  is 
practicable  even  in  war  time,  for  the  production  of  nitrate. 
By  the  arc  process,  something  like  three  kilowatt-years  may 
produce  a  ton  of  nitric  acid,  but  when  the  demand  amounts  to 
two  or  three  hundred  thousand  tons  of  acid  per  year  under  war 
conditions,  and  requires  in  that  case  the  twenty-four-hour  con- 
tinual operation  of  over  half  a  million  kilowatts,  the  impractic- 
ability of  getting  any  appreciable  proportion  of  it  from  the  off- 
peak  power  of  present  plants  seems  apparent.  It  is  only  fair 
to  note  that  one  of  the  processes  is  said  to  produce  the  acid  at 
nearly  a  sixth  of  this  consumption  of  power.  But  in  this  case, 
the  operation  in  conjunction  with  existing  power  plants  seems 
still  less  possible  on  account  of  the  nature  of  the  process. 

Nowadays  the  essentials  of  national  preparedness  seem  to 
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require  longer  periods  for  accomplishment  than  formerly.  When 
it  takes  years  to  build  a  battleship,  war  is  not  a  brief  siege. 
The  art  of  successful  defense  has  become  a  slow  and  subtle  one. 
It  starts  with  the  high  school  and  the  education  of  children. 
It  gets  its  main  strength  from  the  jnasterly  control  of  technical 
industries.  It  owes  its  effectiveness  to  novelties  in  ways  of  killing, 
and  its  staying  powers  to  business  foresight  and  discreet  banking 
policies.  It  has  been  well  said  in  this  connection  that  *' there  is 
one  line  of  action  which  we  ought  to  begin  at  once,  and  that  is, 
we  should  begin  at  the  bottom  and  prepare  our  industries." 

It  has  also  been  pointed  out  that,  strangely  enough,  many  of 
the  .most  useful  modern  chemical  requirements  of  war  are  also 
the  leading  chemical  products  of  the  industries  of  peace.  The 
chemist  sees  that  sulphuric  and  nitric  acids,  chlorin,  caustic  soda, 
gasoline,  benzol,  phenol  and  toluol,  perhaps  the  most  industrial 
of  the  compounds  in  peace,  are  also  the  most  extensively  required 
in  modem  war.  Similariy,  the  engineer  knows  that  the  modem 
air  hardening  tool  steels,  the  modem  lathes,  the  newest  boring 
mills  which  industrial  advance  has  developed,  are  now  the  neces- 
sities of  munition  production.  So  that  industrial  activity  is 
a  healthy  type  of  national  preparedness  for  both  peace  and  de- 
fense. 

But  for  national  preparedness,  our  industrial  activities  should 
be  comprehensive  and  cooperative.  Whole  fields  of  national 
interests  should  not  be  left  entirely  untouched  because  some  other 
country  is  already  profiting  in  them,  as  in  the  case  of  nitrates 
today.  When  it  comes  to  national  defense,  we  must  ask  ourselves 
what  necessary  supplies  may  be  cut  off  by  war.  It  is  for  this 
reason  that  England,  Australia,  Canada  and  Japan  have  already 
established  national  research  organizations. 

Preparing  for  defense  is  consistent  with  keeping  at  work  in 
a  proper  way  along  the  lines  of  peaceful,  healthy  industry.  In 
this  way  it  bears  on  the  subject  of  water  power.  The  engineer 
will  always  have  the  feeling  that  the  power  of  falling  water  is 
a  continuing  loss  except  when  it  is  doing  useful  work.  This 
is  inseparably  connected  with  his  first  lessons  in  mechanics  and 
thermodynamics,  and  is  probably  right.  If  a  single  manufactur- 
ing company  owned  our  farms  and  waterways,  it  is  probable  that 
for  reasons  of  efBciency  it  would  make  all  the  available  falling 
water  do  the  work  needed  to  maintain  the  fertility  of  the  soil  or 
produce  useful  products.  This  would  only  be  doing  in  a  broader 
way  what  the  potentates  of  Egypt  and  Assyria  had  to  do  cen- 
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tunes  ago,  when  their  irrigating  systems  were  built.  But  we 
live  under  a  representative  form  of  government,  where  the  dif- 
ficulties and  delay  of  getting  constructive  activity  are  what  it 
costs  us  to  be  democratic. 

At  least  two  great  processes  for  fixation  of  nitrogen  have  been 
offered  to  our  government  in  the  past  few  weeks.  I  refer  to  the 
arc  process  of  the  du  Pont  Company  and  the  cyanamid  process 
of  the  Cyanamid  Company.  These  are  essentially  different. 
No  brief  discussion  can  bring  out  their  relative  values  to  our 
country.  I  consider  both  of  them  of  the  greatest  importance  to  us. 

The  duPont  process,  yielding  nitric  acid  directly  from  the  air, 
calls  for  cheap  water  power.  Used  in  conjunction  with  the  pro- 
duction of  explosives  and  the  manufacture  of  chemicals  and  dye 
stuffs,  it  would  be  a  great  boon  to  America  in  times  of  peace, 
and  invaluable  in  war  time.  The  enormous  facilities  of  such  a 
company,  widely  interested  in  large  scale  chemical  production 
and  with  one  of  the  largest  experimenting  organizations  in 
America,  would  certainly  bring  the  arc  process  much  nearer  to 
that  high  condition  of  efficiency  which  the  theory  of  the  process 
predicts  and  which  sometime  will  be  realized  somewhere — I  hope 
in  America.  There  is  every  reason  to  expect  that  there  would 
result  the  evolution  of  as  many  new  and  useful  products  and  pro- 
cesses as  are  being  continually  produced  in  Europe.  Several 
hundred  thousand  kilowatts  are  now  employed  by  the  arc 
processes  abroad. 

The  cyanamid  process  also  calls  for  cheap  waterpower  and 
in  large  quantity.  This  process  seems,  at  the  present  stage  of 
things,  to  be  of  the  greatest  importance  to  our  fertilizer  industry 
because  of  its  economical  production  of  ammonia,  the  form  of 
fixed  nitrogen  commonly  used  in  commercial  fertilizers.  The 
manufacture  of  nitric  acid  and  ammonium  nitrate  for  explosives 
by  this  process  is  apparently  easy  and  would  be  economical 
at  power  costs  which  we  ought  easily  to  reach  in  this  country. 

It  is  stated  that  there  were  somewhat  over  200,000  h.p  used 
by  the  cyanamid  process  abroad  in  1914,  and  in  the  past  eighteen 
months  Germany  has  invested  $100,000,000.  in  this  work. 

These  are  both  tested  processes,  and  we  are  interested  in  their 
present,  and  even  more  particularly  in  their  future  developments. 
In  any  undertaking  by  our  government  which  involves  the  grant- 
ing of  special  water  power  rights,  the  people  should  want  fore- 
sight coupled  with  active,  constructive  work.  It  seems  as  though 
we  might  fairly  expect  sometime  a  change  in  the  public  spirit. 
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which  now  usually  views  almost  any  large  manufacturing  under- 
taking with  animosity  and  adverse  criticism.  Possibly  through 
the  study  of  these  immediately  pressing  problems  of  explosives, 
dyes  and  fertilizers  by  our  most  competent  and  interested  govern- 
ment experts,  sound  business  criteria  may  be  established  for  the 
nation's  benefit. 

Personally,  I  have  a  fear  that  we  are  forever  shortsighted. 
I  am  afraid  of  the  need  for  national  defense  which  may  come 
upon  us  like  a  thief  in  the  night,  from  war  declared  in  a  day,  be- 
cause I  fear  that  impotency  which  is  spread  over  a  century  and 
never  really  discovered  until  too  late.  The  most  imperilled 
country  of  the  present  war  is  learning  more  about  national  de- 
fense than  we  are  at  present,  and  is  not  likely  to  forget  the  lessons. 
New  industrial  processes  will  continue  to  be  improved  by  those 
people  who  are  now  actively  engaged  in  them.  The  more  ex- 
tended become  the  details,  by-products,  contingent  interests  and 
economies  in  any  such  line  of  industry,  the  more  difficult  becomes 
the  start  in  it  by  an  outsider.  It  is  not  out  of  the  question  that 
ten  years  from  now  the  commercial  sources  of  nitrate  will  be 
Germany  and  Chili.  The  artificial  processes  will  certainly  be 
improved.  The  natural  source  will  about  as  certainly  deteriorate. 
What  will  we  be  doing  in  the  meantime?  It  may  be  entirely 
safe  to  depend  indefinitely  on  Chilean  supply,  but  the  question 
should  be  decided  for  our  country  by  those  who  are  responsible 
and  will  give  it  careful  consideration. 

I  believe  effective  good  could  be  accomplished  by  quick 
cooperation  between  those  different  government  departments 
where  lie  the  greatest  direct  interest  and  knowledge.  One  of 
these  is  the  Department  of  the  Interior,  under  which  come  the 
group  of  experts  of  the  Bureau  of  Standards  and  the  Bureau  of 
Mines.  These  certainly  possess  men  interested  in  industrial 
chemistry,  well  equipped,  and  anxious  to  serve.  The  Bureau  of 
Soils  of  the  Department  of  Agriculttire  has  also  a  corps  of  men 
equally  well  fitted  for  this  work,  and  particularly  interested  to 
that  part  of  it  referring  to  the  fertilizer  problems.  The  Army 
and  Navy  Departments,  busied  with  the  multitude  of  normal 
duties  of  defense,  might  still  lend  a  great  deal  of  aid  and  pressure 
to  this  cooperative  problem,  without  having  to  produce  the 
same  kind  of  chemical  and  engineering  experts  found  in  the  other 
departments.  The  country  ought  to  be  satisfied  with  the  joint 
conclusions  of  such  representatives  of  its  interests. 


PressnUd  at  th*  321st  meeting  of  the  Ameriean 
Institute  of  Electrical  Engineers,  Washington, 
D.  C,  April  26,  iQi6. 
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THE  WATER  POWER  SITUATION,  INCLUDING  ITS 
FINANCIAL  ASPECT 

BY  GANO  DUNN 


Abstract  of  Paper 

The  endeavor  of  this  paper  is  to  present,  from  the  point  of 
view  of  the  engineer,  certain  aspects  of  the  attitude  ot  capital 
towards  water  powers.  Actual  and  threatened  laws,  popular 
prejudices,  and  some  cases  of  unprofitable  developments  in  the 
past,  have  retarded  the  development  of  water  powers,  but  there 
are  also  physical  and  natural  difficulties  which  handicap  hydro- 
electric as  compared  with  steam-electric  plants,  and  make  it  essen- 
tial that  a  reasonable  profit  in  promotion  be  offered,  in  order  to 
induce  investment. 

The  cost  of  water  power  is  rising,  on  account  of  the  increasing 
cost  of  labor  and  materials  and  increasing  taxation,  and  the 
efficiency  of  the  utilization  of  water  power  has  practically 
reached  its  maximum.  On  the  other  hand,  the  cost  of  steam- 
electric  power  is  falling,  in  spite  of  a  steady  rise  in  the  cost  of 
coal,  because  continual  improvements  are  being  made  in  the  effi- 
ciencv  of  conversion  of  heat  energy  into  mechanical  power,  and 
still  further  progress  is  to  be  looked  for.  To  offset  the  dis- 
advantage of  the  increasing  cost  of  water  power  there  is  the  pos- 
sibility of  utilizing  large  amounts  of  secondary  power  from 
hydroelectric  plants  for  industries  and  process  purposes  that 
do  not  necessarily   require  continuous  power. 

The  hydroelectric  plant  usually  requires  about  three  times 
the  capital  investment  needed  for  a  steam-electric  plant  of  equal 
capacity,  and  the  activity  of  capital  in  a  hydroelectric  plant  is 
very  low,  much  lower  than  in  a  steam  station  and  in  almost  all 
other  branches  of  industry. 

State  regulatory  bodies  have  hampered  water  powers  by  not 
recognizing  the  distinction  between  bond  interest  as  a  com- 
pulsory expense  paid  as  the  rent  for  money  loaned,  and  divi- 
dends as  an  earned  reward  for  the  risk  of  the  business  and  skill 
in  management.  Another  factor  that  must  be  more  clearly 
determined  in  order  that  the  hampering  effect  of  uncertainty  may 
be  removed,  is  the  length  of  time  a  permit  or  franchise  may  run 
before  recapture  clauses  can  take  effect,  and  the  question  whether 
these  provisions  should  not  cover  the  power  development  in 
its  entirety. 

Water  power  should  be  developed  as  a  matter  of  conserva- 
tion, to  save  our  coal  supply  that  is  being  so  steadily  depleted. 
This  purpose  cannot  be  served  unless  the  attitude  toward  water 
power  development  is  changed  and  some  of  the  present  restric- 
tive factors  ameliorated  so  that  investors  in  water  power  bonds 
will  be  satisfied  with  five  per  cent  interest  instead  of  requiring 
seven  per  cent  because  of  the  risks  they  incur  at  present. 
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ALTHOUGH  the  development  of  water  powers  is  almost 
wholly  a  matter  of  civil  and  mechanical  engineering,  their 
interests  have  been  largely  in  the  hands  of  electrical  engineers. 
Until  electrical  engineers  created  the  art  of  transmitting  power 
over  long  distances  the  usefulness  of  water  powers  was  local  and 
the  extent  of  their  development  did  not  exceed  one  million  horse 
power  in  the  United  States. 

During  the  past  two  decades  electric  transmission  has  extended 
the  commercial  water  power  radius  from  a  few  miles  up  to  say 
two  hundred.  As  the  art  of  electrical  engineering  has  progressed 
and  water  power  has  consequently  been  transformed  from  a  local 
peculiarity  or  advantage  to  an  almost  universal  utility,  an 
intensive  development  has  taken  place,  energizing  for  useful 
purposes  thousands  of  miles  of  transmission  highways  and  almost 
innumerable  distribution  networks  with  power  which  formeriy 
wasted  itself  in  the  erosion  of  stream  beds  and  the  heating  of 
of  their  contents. 

The  profession  of  electrical  engineering  has  been  stimulated 
by  the  reaction  of  this  development  and  has  in  turn  come  to 
depend  considerably  upon  it.  Electrical  engineers  regard  the 
welfare  of  water  powers  as  identified  with  the  welfare  of  a  large 
part  of  their  own  activities. 

The  relation  of  the  American  Institute  of  Electrical  Engineers 
to  the  government  of  the  United  States  in  connection  with 
water  powers  is  an  enviable  one  and  is  highly  valued  by  the 
Institute's  8000  members. 

In  1911  the  National  Waterways  Commission  of  the  62d 
Congress  invited  the  American  Institute  of  Electrical  Engineers 
to  send  representatives  to  the  hearings  of  the  commission  in 
Washington.  In  response,  the  governing  body  of  the  Institute 
created  a  special  Committee  on  the  Development  of  Water 
Powers,  authorizing  it  to  testify  before  the  commission  and  put 
its  expert  knowledge  and  experience  in  every  way  at  the  com- 
mission's serv'ice. 

The  sen  ices  of  this  committee,  composed  of  the  country's 
leading  technical  experts  on  water  power,  were  appreciated  by 
the  commission  and  led  to  the  extension  of  other  invitations 
to  the  American  Institute  of  Electrical  Engineers  to  send  similar 
representatives  to  congressional  and  departmental  hearings  in 
Washington  in  connection  with  water  power  legislation.  Among 
these  invitations  was  one  from  the  Secretary  of  the  Interior, 
one  from  the  House  Committee  on  Arid  Lands,  one  from  the 
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Senate  Committee  on    Public  Lands,  and  more  recently  one 
from  the  Portland  Conference  of  Western  Governors,  and  others. 

The  governing  body  of  the  Institute  has  continued  its  special 
committee  in  consequence  of  these  successive  invitations  and  in 
view  of  the  apparent  appreciation  on  the  part  of  the  government 
that  the  services  rendered  by  the  American  Institute  of  Electrical 
Engineers  were  scientific  and  professional  and  not  commercial 
or  political,  that  its  committee  dealt  with  fundamental  engineer- 
ing and  economic  principles  of  hydroelectric  development  that 
were  outside  the  field  of  controversy,  and  that  the  function  of 
the  Institute  being  scientific  and  professional  and  not  commercial 
or  political,  its  status  was  one  involving  a  high  degree  of  dis- 
interestedness in  respect  to  matters  on  which  its  technical 
advice  was  sought. 

The  present  meeting  of  the  American  Institute  of  Electrical 
Engineers  in  Washington  is  held  under  the  auspices  of  {his  com- 
mittee and  is  devoted  to  an  engineering  and  economic  discussion 
of  water  powers  in  the  hope  of  turning  all  the  light  possible 
upon  the  subject. 

As  indicated  by  the  duties  honorably  discharged  by  the  Special 
Committee  on  the  Development  of  Water  Powers,  the  engineer's 
function  has  become  considerably  broader  than  one  of  piu^e 
engineering.  By  a  group  of  promoters  seeking  capital,  the 
engineer  is  usually  engaged  to  make  preliminary  studies  and 
trial  designs  until  he  selects  the  most  advantageous  site  for  and 
determines  the  most  satisfactory  miminum  cost  of  a  given 
development.  His  work,  however,  does  not  stop  here,  for  he  is 
called  upon  next  to  make  studies  of  the  probable  market  for  power 
and  to  estimate  expected  revenue  and  operating  expenses,  in- 
cluding taxes  and  depreciation,  and  further  since  the  relation  of 
engineering  and  economics  is  so  intimate,  the  preparation  of  the 
economic  prospectus  usually  falls  to  his  lot. 

With  such  a  prospectus  the  promoters  solicit  the  support  of 
one  or  more  investment  bankers,  and  the  name  and  standing  of 
the  engineer  is  an  extremely  large  factor  in  establishing  the  confi- 
dence of  the  bankers  and  obtaining  their  recommendation  of  the 
securities  of  the  project  to  their  clients.  The  criticisms  and  objec- 
tions which  the  bankers  constantly  raise  in  reply  to  the  proposals 
of  the  promoters  have  to  be  answered  largely  by  the  engineer, 
who  often  reforms  his  designs  many  times  and  has  to  prove 
exhaustively  his  estimates  of  revenue,  capacity,  operating  ex- 
penses and  other  items  before  the  bankers  take  up  the  project, 
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it  thtn'  lit).     (lonenUly  spoakinjr  and  especially  in  recent  years 
nut  inoiv  than  one  project  in  a  hundred  passes  muster. 

Tho  tM^^itUHT  thon^foro  usually  develops  a  relation  to  the 
tn\.u\c\t\i;  of  water  ^nnvers,  which  finds  him  on  behalf  of  his 
oiwplovtM's  ktuvkin>:  at  the  doors  of  capital  and  using  all  the 
alMht\ox  hv^  v\in  JuM\orably  employ  to  invite  for  his  client's  pro- 
u^t  tho  vNM\tUUi\vV  and  support  of  the  experts  of  capital,  and 
Sv^  t^n»,H  ,u\;\'aiv<  a  knowledge  of  the  conditions  required  by 
x\ir\;>r  ^v^  Iv  i\K^t  before  financing  can  be  accomplished  and  he  is 
X  -  /^\\l  ;v^  take  a  broader  view  of  the  water  power  situation 
*  t  ^  ^v.v^v  .*.,ii  IS  merely  an  engineering  view. 

•   ^^    v^'/uM     papers  presented  at  this  meeting  deal  with  the 

s       ,^  v^',  waier  powers  to  the  electrochemical  industries,  to  the 

ssi  '-x^Meiu.  to  increased  transportation  and  to  national  de- 

^     A       \\\  this  paper  I  shall  endeavor  to  present  very  briefly, 

yv  ►»',  'iV  point  of  view  of  the  engineer  as  derived  from  experience, 

,v    ,  un  aspeets  of  the  attitude  of  capital  towards  water  powers. 

\\  ha^  aheady  been  implied  that  no  matter  how  useful  a  public 

^ » \  \re  a  water  j)ower  might  perform,  no  matter  how  great  the 

.^^^^l  ol"  a  community  for  cheap  power  to  invite   industrial    de- 

\x  lopment,  no  matter  how  powerful  the  river  nor  high  the  falls, 

not    anxious  the  promoters,  a  water  power  plant  will  not  be 

\\\\\\\  unless  the  investment  banker  or  his  equivalent  supplies  the 

nu'.uis, 

The  investment  banker,  generally  speaking,  is  not  a  capitalist, 
but.  a  captain  for  the  capital  of  others.  They  follow  his  leader- 
ship so  long  as  his  record  warrants  it  and  they  gladly  accord  him 
a  commission  in  return  for  sound  advice  and  guidance  as  to 
yield  and  security  for  the  investment  of  their  savings.  These 
others  are  countless  and  are  in  part  scattered  throughout  the 
earth.  The  complicated  interrelations  of  capital  among  the 
great  capital -producing  nations  are  at  once  intimate  and  delicate 
so  that  capital  may  truly  be  likened  to  an  international  fluid, 
quick  to  flow  towards  its  level  of  advantage  and  equally  quick 
to  cease  flowing  when  that  advantage  diminishes.  Prior  to 
investment,  capital  is  above  the  law.  It  must  be  consulted 
and  courted  or  it  cannot  be  won,  and  it  usually  requires  of  a 
suitor  a  good  previous  character.  These  are  facts,  no  matter 
what  may  be  our  individual  theories  of  government,  of  eco- 
nomics, or  of  social  relations. 

Part  of  the  acknowledged  "  water  power  situation  ** 
is  due  to  the  scarecrow  of  financial  losses  which,  contrary  to 
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poptilar  information,  have  been  suffered  in  water  power  invest- 
ments. In  cases  where  losses  have  not  been  sustained  the  actual 
jrield  as  compared  to  the  expected  jrield  has  been  very  generally 
disappointing.  It  seems  conservative  to  assert  in  respect  to  a 
majority  of  water  power  investments  today,  that  if  the  holders 
were  not  already  in  they  wotdd  not  go  in  if  they  were  free  to  repeat 
their  investment.  Investment  bankers  of  a  decade  or  more  ago 
sometimes  piloted  their  clients  with  honest  confidence  into  water 
power  projects  sound  in  the  prospectus,  but  so  disappointing 
in  the  light  of  later  reality  as  to  cost  them  their  financial  leader- 
ship and  render  their  successors  increasingly  conservative. 

There  has  been  a  considerable  degree  of  popular  prejudice  and 
misapprehension  that  conceives  water  powers  to  be  almost  il- 
legitimately profitable.  It  has  had  a  share  in  making  them  the 
prey  of  local  hold-ups  for  necessary  real  estate,  flowage  rights, 
relocation  of  railroads,  local  taxes  and  damage  suits.  But  the 
most  serious  cause  of  the  above  kind  that  is  responsible  for  the 
"  situation  "  consists  of  the  inhibition  imposed  unintentionally, 
or  perhaps  it  would  be  better  to  say  unwittingly,  upon  the  in- 
vestment of  capital  in  water  power  enterprises,  by.  certain  laws, 
administrative  regulations  and  precedents. 

These  laws  have  been  both  actual  and  threatened,  and  in  many 
respects  a  threatened  law  is  worse  than  an  actual  one  in  the 
check  it  gives  to  investment.  Among  such  actual  or  threatened 
laws  are  those  which,  limiting  the  tenure  of  a  grantee,  provide 
for  recapture  without  compensation  or  with  only  such  compensa- 
tion as  would  involve  serious  loss,  or  for  the  recapture  of  only  a 
part  of  a  system  at  a  fair  value  for  that  part,  but  that  part  so 
essential  that  without  it  the  whole  system  could  no  longer  thrive. 

There  is  a  large  group  of  legislative  proposals  that  look  upon 
water  powers  as  a  source  of  taxation  or  of  government  profits 
through  the  sharing  of  earnings.  They  lay  a  tax  upon  energy  out- 
put, gross  receipts,  installed  capacity  or  first  cost  of  a  development, 
which  tax,  although  appearing  small,  amounts  to  a  burdensome 
and  deterrent  proportion  of  the  net  profits  after  bond  interest. 

The  grantee  is  required  to  construct  at  his  own  cost  extensive 
locks  and  navigation  works  in  cases  where  he  might  seem  in 
justice  rather  to  deserve  a  subsidy  for  his  service  to  navigation 
through  the  erection  of  a  dam  that  increases  the  navigability 
of  the  stream  for  many  miles  and  assists  in  the  regulation  of  its 
floods.  These  services,  it  would  seem,  shoxild  at  least  relieve 
him  of  the  burden  of  additional  cost  for  the  locks,  which  is  a 
drag  upon  his  profits. 
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Among  other  menaces  to  the  security  and  yield  of  water  power 
capital  is  the  reposing  in  an  administrative  officer  of  the  govern- 
ment of  a  discretion  which,  while  presumably  it  would  never  be 
abused,  permits  the  possibility  of  abuse  by  some  one  of  a  numerous 
succession  of  incumbents,  and  often  therefore  in  effect  causes 
the  title  to  millions  of  dollars  worth  of  property  to  rest  upon 
normal  individual  discretion  instead  of  upon  definitely  stated 
laws  that  permit  the  whole  of  a  given  future  to  be  securely  cal- 
culated upon.  While  clothed  with  great  powers,  such  officers 
do  not  have  the  co-relative  power  to  make  agreements  or  stipu- 
lations that  may  be  relied  upon  as  binding  the  government. 

There  are  also  agitated  serious  objections  to  the  combination 
of  adjacent  hydroelectric  systems,  on  the  ground  that  this  per- 
mits monopoly  and  may  be  used  to  enhance  the  price  of  power 
and  light  to  the  consuming  public. 

With  commissions  for  the  regulation  of  public  utility  rates  in 
practically  all  of  the  states  of  the  Union,  the  combination  of 
water  powers  can  have  no  other  effect  than  benefitting  the  public, 
for  on  most  fundamental  engineering  grounds  combination  either 
actually  reduces  operating  cost  or  does  the  equivalent  of  it  by 
increasing  output  for  a  given  capacity.  It  increases  the  insurance 
of  continuity  of  operation  and  permits  reduction  of  reserve 
capacity.  It  reduces  the  proportion  of  steam  auxiliary  power 
and  enables  advantage  to  be  taken  of  excessive  rainfall  in  one 
area  to  make  up  for  occasional  deficiency  in  another.  The  joint 
cost  of  distribution  lines  is  diminished,  regulation  of  pressure 
is  improved,  and  the  utilization  of  powers  otherwise  too  small 
to  be  successfully  utilized  is  made  possible. 

The  objection  to  combination  seems  to  be  based  upon  analogy 
to  combinations  in  other  branches  of  industry  and  ignores 
fundamental  engineering  principles,  especially  in  the  presence 
of  protecting  state  commissions.  Successful  opposition  to  com- 
bination could  only  result  in  increasing  the  burdens  both 
of  the  public  and  of  the  developments. 

Many  others  of  the  actual  or  threatened  provisions  are  not 
only  deterrents  to  investment,  but  are  at  the  expense  of  the  public. 
In  this  class  fall  all  forms  of  taxes  on  output  or  development 
previously  referred  to.  It  is  sometimes  erroneously  thought 
in  proposing  legislation  of  this  sort  that  these  taxes  will  be 
borne  by  the  owners  of  the  enterprises,  but  they  are  in  fact 
passed  on  by  them  to  the  ultimate  consumers!  They  are  added 
to  operating  expenses  and  rates  to  the  public  are  increased  pro- 
portionately.   The  increased  rates  check  the  growth  of  manufac- 
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tures  and  the  increase  of  the  use  of  light  and  render  the  commun- 
ity less  attractive  than  other  communities  where,  either  through 
absence  of  tax  or  through  natural  advantages,  lower  rates  obtain. 
With  the  increasing  use  of  power  in  manufactures,  the  attraction 
of  manufacturers  to  a  locality  is  vitally  affected  by  the  rates  for 
power  that  can  be  offered.  Federal  laws  proposed  for  the  taxation 
of  water  powers  have  naturally  applied  only  to  water  powers 
under  jurisdiction  of  the  federal  government.  They  inequitably 
leave  untaxed  and  free  from  such  discrimination  competing 
private  water  powers  and  wster  powers  under  state  jurisdiction. 

It  seems  difficult  on  the  part  of  many  to  accept  the  conclusion 
that  by  the  control  of  rate  commissions  water  powers  are  for- 
ever prevented  from  becoming  bonanzas  to  their  investors. 
Other  kinds  of  public  utility  corporations  are  seen  to  be  duly 
regulated,  but  there  lurks  a  suspicion  that  water  powers  may 
form  exceptions.  While  the  consequences  of  this  doubt  contri- 
bute to  a  complacent  retardation  of  development,  the  benefits 
of  water  power  development  to  communities  of  large  population 
do  not  seem  to  be  adequately  appreciated. 

In  some  of  the  governments  of  Europe  so  greatly  are  the  bene- 
fits of  development  esteemed  that  water  powers  are  encouraged. 

In  addition  to  the  laws,  prejudices  and  past  financial  history 
that  have  retarded  water  powers,  there  are  physical  and  natural 
difficulties  of  a  very  real  sort  which  render  a  reasonable  profit  In 
promotion  requisite  to  induce  investment. 

Power  developed  by  a  hydroelectric  system  must  be  based 
upon  the  minimum  or  nearly  the  minimum  flow  of  the  stream, 
unless  great  cost  for  storage  is  warranted.  The  dam,  however, 
mu;5t  be  strong  enough  to  withstand  the  stream  in  flood,  often 
50  to  500  times  the  minimimi  flow.  A  water  power  is  liable  to  suf- 
fer not  only  from  lack  of  water  in  dry  season,  but  it  is  often  partly 
drowned  out  at  times  of  flood  when  high  tail  water  reduces  the 
hydraulic  head.  For  these  and  other  reasons  most  water  powers 
require  auxiliary  steam  power  for  reserve. 

A  large  part  of  a  hydroelectric  power  development  consists 
of  transmission  lines  exposed  to  lightning,  wind  and  sleet.  A 
water  power,  unlike  a  steam  power,  cannot  be  begun  in  a 
modest  way  and  allowed  to  grow  as  its  market  gathers.  The 
real  estate,  dam,  rights  of  way,  transmission  towers  and  many 
other  portions  of  the  development  must  initially  be  of  ultimate 
capacity  and  cost,  hence  during  the  early  years  there  is  usually 
a  period  of  waiting  for  the  growth  of  market  when  expenses 
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often  exceed  income  and  owners  must  not  only  go  without  their 
profits  but  must  often  put  up  funds  to  tide  the  project  over. 

For  taking  the  construction  and  operation  risks  and  the  risk 
of  delayed  development  of  income,  to  say  nothing  of  the  risks  of 
title,  taxes  and  adverse  legislation,  it  can  readily  be  seen  that  the 
profit  required  to  tempt  investment  into  hydroelectric  projects 
must  be  at  least  as  great,  if  not  greater,  than  that  offered  by  other 
utilities  or  industrials. 

So  far  there  have  been  dealt  with  only  the  checks  to  hydro- 
electric investment  arising  from  actual  or  threatened  legislation 
popular  prejudice  and  construction  risk,  but,  especially  east  of 
the  Mississippi  River  where  three-quarters  of  the  mechanical 
power  in  the  United  States  is  consumed  and  where  there  are 
still  undeveloped  large  resources  of  water  power,  there  is  an 
additional  check  that  daily  speaks  with  a  louder  and  louder 
voice  ruling  out  the  water  powers — even  if  financing  were  obtain- 
able— in  favor  of  steam  produced  from  coal. 

Increasingly  large  numbers  of  water  powers  that  a  few  years 
ago  would  have  been  considered  worthy  of  development  by  con- 
servative financial  authorities,  asstuning  all  legislative  and  admin- 
istrative hindrances  removed,  are  now  ranged  in  the  unworthy 
class  because  they  do  not  meet  the  supreme  test  to  which  every 
water  power  project  is  put  in  the  engineer's  office  before  it  can 
get  even  to  the  preliminary  prospectus  stage.  This  test  is  a 
comparison  of  the  cost  of  the  power  produced  by  water  with 
its  cost  produced  in  the  same  market  by  steam  if  some  com- 
petitor should  build  a  steam  plant  there. 

The  cost  of  water  pbwer  in  general  is  rising  on  account  of  the 
ii^creasing  cost  of  labor  due  to  shorter  hours  in  the  form  of  three 
instead  of  two  shifts  and  higher  wages,  the  increasing  cost  of 
materials,  and  the  generally  increasing  taxation,  employers* 
liability  and  similar  items  of  expense  that  are  characteristic 
of  industrial  operations  in  the  United  States.  In  spite  of  all 
these  circumstances  and  in  spite  of  a  steady  rise  in  the  cost  of 
coal,  the  cost  of  steam  power  is  steadily  falling. 

At  equal  cost  the  scales  of  the  constmier's  choice  almost  in- 
variably turn  against  a  water  power  and  decide  in  favor  of  steam 
power  because,  among  other  reasons,  it  is  generated  in  the  market 
where  it  is  consumed,  whereas  water  power  has  to  be  brought 
from  a  distance  and  suffers  the  risks  of  a  long  transmission  line. 
Also  steam  power  is  more  flexible  and  is  free  from  the  influence 
of  dry  seasons  or  floods.  Water  power  must  be  considerably 
the  cheaper  before  it  can  compete. 
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The  increasing  introduction  of  steam  power;  devouring  ouj 
coal  fields  at  a  time  when  millions  of  horse  power  of  water  power 
are  undeveloped,  is  a  crime  against  the  policy  of  conservation. 
Each  new  steam  plant  is  an  agency  devoted  in  effect  to  the 
perpetual  consumption  of  coal,  and  coal  is  a  limited  commodity. 
While  absolutely  essential  for  smelting  and  practically 'essential 
for  the  heating  of  our  houses,  it  is  not  essential  for  the  production 
of  power. 

Steam  power  is  consumed  only  when  it  is  used;  water  power 
whether  it  is  used  or  not.  If  the  power  of  a  water  fall  is  not 
brought  to  the  neighboring  city  to  turn  its  wheels,  do  its  cooking,* 
or  light  its  lights,  the  power  is  developed  just  the  same  at  the 
falls  and  expresses  itself  in  grinding  the  rocks  at  the  bottom  and 
the  heating  of  the  agitated  water.  Postponement  of  coal  con- 
sumption would  be  real  conservation.  Postponement  of  water 
power  development  is  real  waste. 

If  water  power,  instead  of  being  at  a  disadvantage  compared 
to  steam  po  ;ver,  were  fully  its  equal  as  to  cost  of  power  delivered 
and  certainty  of  operation,  it  wculd  still  be  at  a  serious  disadvan- 
tage when  construction  is  under  consideration  for  an  added 
reason  which  aggravates  the  whole  relation  of  water  power  to 
capital.  This  is  the  excessive  capital  required  for  a  water  power 
as  compared  to  that  required  for  a  steam  power  of  the  same 
capacity. 

A  typical  modem  steam  electric  station,  including  real  estate 
and  every  other  item  of  cost  up  to  the  distribution  system,  can 
be  built  for  $45  per  switchboard  horse  power  of  output.  A 
correspondingly  typical  hydroelectric  development  of  the  same 
capacity,  for  moderate  head,  including  transmission  lines  and 
substation,  would  cost  in  the  neighborhood  of  $135  per  switch- 
board horse  power  of  output,  which  figures  are  in  the  ratio  of 
1  to  3. 

Capital  for  a  steam-electric  station  is  relatively  easy  to  raise. 
The  natural  hazards  are  considerably  less.  The  property  is 
concentrated  under  one  roof,  instead  of  being  distributed  over 
many  miles  of  country.  There  are  no  actual  or  threatened 
adverse  laws  to  introduce  doubt  as  to  the  security  of  invest- 
ment. Popiilar  prejudices  are  more  likely  to  favor  rather 
than  to  be  against  the  economics  of  a  steam  station.  Large  sup- 
plies of  coal  are  seen  going  into  it  and  the  public  appreciates  these 
must  be  paid  for.  The  plant,  to  the  popular  eye,  seems  to  be  hot 
and  busy  and  entitled  to  its  rewards.  In  the  case  of  the  water 
power,  for  reasons  that  have  been  mentioned,  capital  is  more 
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difficult  to  raise,  and  besides  being  more  difficult  to  raise,  three 
times  the  amount  is  required.  It  is  not  difficult  to  see  why,  at 
equal  cost  of  power  delivered  if  it  is  a  question  of  building  a  steam 
or  a  water  power,  the  steam  power  gets  the  preference,  and  when, 
as  is  increasingly  the  case  east  of  the  Mississippi,  the  cost  of  a 
horse  power-hour  developed  by  steam  is  so  much  less  than 
when  developed  by  water,  the  "  water  power  situation  "  is  re- 
moved from  the  court  of  discussion  before  a  decision  is  reached, 
because  of  the  fatal  competition  of  steam. 

It  may  be  asked — will  the  cost  of  steam  power  continue  to 
decline,  notwithstanding  the  continued  rise  in  the  cost  of  coal? 
There  seems  every  reason  to  expect  that  it  will,  for  with  the  best 
plants  of  today,  improved  as  they  are,  the  return  from  a  pound 
of  coal  is  only  17  per  cent  of  the  power  it  contains.  Internal 
combustion  engines  operated  by  liquid  fuel  have  not  yet  cut 
much  figure  as  large  sources  of  prime  mover  power,  but  they  are 
constantly  undergoing  improvement.  In  the  generation  of 
steam,  where  boiler  pressures  of  150  lb.  were  used  a  few  years 
ago  275  lb.  is  now  used,  and  higher  pressures  up  to  400  lb.  are 
under  experiment,  together  with  higher  degrees  of  superheat 
than  the  past  has  thought  possible,  and  it  is  not  too  much  to 
expect  considerable  improvement  in  steam  economies  from  pro- 
gress already  in  sight.  There  is  also  much  latent  possibility 
in  the  gas  ttirbine.  In  view  of  all  this,  he  would  be  rash  who 
notwithstanding  the  steady  moderate  increase  in  the  cost  of  coal 
wotdd  predict  an  increase  in  the  cost  of  steam  power. 

While  the  cost  of  steam  power  has  fallen  and  is  falling,  due 
largely  to  an  increasing  efficiency  in  the  conversion  of  heat  into 
power,  and  while  this  efficiency  is  still  so  low  as  to  render  further 
increases  not  only  possible  but  probable,  the  efficiency  of  water 
powers  has  practically  reached  its  maximum  and  further  reduc- 
tion in  the  cost  of  water  power  from  improvement  in  efficiency 
is  barred.  Reference  will  later  be  made  to  the  only  direction 
in  which  substantial  reduction  is  possible. 

The  unfortunate  necessity  of  relatively  excessive  capital  throws 
difficulties  into  the  path  of  water  power  in  more  ways  than  one. 
Not  only  is  excessive  capital  required  before  the  development 
can  be  created,  but  after  it  is  created  there  is  a  handicap  in  the 
magnitude  of  the  bond  interest  constituting  the  principal  element 
of  cost  of  operation — using  this  term  in  its  broadest  sense.  Both 
by  the  large  investment  of  capital  required  and  th^  large  return  to 
capital  appearing  in  its  cost  of  operation,  water  power  develop- 
ment is  led  conspicuously  into  therealmof  the  relations  of  wealth 
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and  capital  to  industry  and  the  social  system,  which  relations  are 
subjects  of  keen  political  and  economic  controversy.  The  water 
power  problem,  being  exceptionally  dependent  upon  capital,  is  the 
innocent  bystander. that  suffers  from  the  quarrel  between  two 
struggling  antagonists,  both  of  whom  its  development  wotdd  enor- 
mously benefit .  A  unit  analysis  of  the  gross  operating  expenses — 
using  the  term  as  before,  in  its  broader  sense — of  the  typical 
steam-electric  and  hydroelectric  system  I  have  referred  to  may  be 
of  interest,  and  is  given  below  for  annual  load  factors  in  both 
cases  of  50  per  cent  and  coal  at  $3.25  per  ton,  delivered. 

Unit  Analysis  of  Gross  Operating  Expbnsbs  in  Typical  Stbam-Elbctric  and  Hydro- 
electric Station  of  thb  Samb  Capacity.  20,000  H.P.,  Annual  Load  Factor 
50  Pbr  Cbnt.  and  Producing  Power  at  thb  Same  Cost.     Coal 
$3.25  PER  Ton  Delivered.    Returns  to  Capital  7% 


Steam  station 
operating   expenses 

Hydroelectric  station 

per  cent  of  total  gross 

operating   expenses 

4.0 
10.6 
48.9 

6.7 
10.8 
1».0 

4.0 
4.8 

2.8 
11.0 
77.4 

Ordinary  operating  expenses  (except  coal). 
Coal 

Taxes  and  Insurance 

Depreciation 

Bond  Interest 

ToUl 

100. 

100. 

As  will  be  seen  from  the  table,  bond  interest  is  the  largest 
hydroelectric  expense.  In  the  typical  case  considered  it  consti- 
tutes 77.4  per  cent  of  the  total  operating  expenses.  In  the  steam 
station  it  is  only  19  per  cent. 

The  largest  expense  in  the  steam  station  is  coal,  amounting  to 
49  per  cent  of  the  total.  This  everyone  can  understand  and 
nobody  begrudges;  but  there  is  a  small  body  of  opinion  which  con- 
siders all  interest  usury  and  to  this  group  the  fact  that  over  three- 
fourths  of  the  cost  of  producing  power  in  a  water  power  plant 
represents  interest  is  almost  equivalent  to  saying  that  the  cost 
of  water  power  ought  to  be  reduced  by  three-quarters.  The 
whole  cost  for  coal  in  the  steam  station  is  only  two-thirds  of  the 
cost  for  interest  in  the  water  power. 

The  classification  of  bond  interest  in  each  case  under  the  head 
of  operating  expenses  is  not  customary,  but  is  done  for  the  pur- 
pose of  giving  a  clear  conception  of  the  radical  difference  between 
the  compulsory  items  of  expense  in  the  two  t3rpes  of  stations. 

There  is  a  tendency  in  many  quarters  to  regard  bond  interest 
as  profits.  This  is  fundamentally  erroneous.  It  is  comparable 
to  regarding  the  rent  a  grocer  pays  for  his  store  as  profits.  His 
profits  do  not  begin  until  after  the  rent  is  paid  under  penalty  of 
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eviction,  and  similarly  the  profits  of  a  water  power  do  not  begin 
until  after  the  bond  interest,  which  is  rent  for  the  borrowedmoney, 
has  been  paid  under  similar  penalty  of  eviction  by  the  foreclosure 
of  the  mortgage.  The  holders  of  the  bonds  have  no  interest 
in  the  {M^ofits  of  the  development.  Their  returns  are  set  by  the 
prevailing  rate  of  interest  in  the  bond  market,  and  not  by  the 
prosperity  of  the  enterprise.  They  get  their  returns,  in  theory 
at  least,  whether  there  are  profits  or  not.  It  is  true  that  bond 
interest  is  sometimes  in  default,  but  the  holders  have  the  right 
to  take  possession  of  the  pledged  property,  foreclosing  and 
recouping  themselves  out  of  the  proceeds  of  its  sale  for  both 
principal  and  defaulted  interest.  It  is  partly  by  regarding  bond 
interest  as  profit  that  the  impression  that  water  powers  are  very 
profitable  has  gained  acceptance. 

It  is  natural  for  a  spectator  surveying  a  hydroelectric  develop- 
ment to  gain  the  impression  that  the  power  comes  from  the  water, 
which,  costing  nothing,  should  render  the  power  cheap.  It  is 
evident  to  a  spectator  that  outside  of  bond  interest  the  oper- 
ating expenses  of  a  water  power  are  relatively  very  low,  being 
in  our  typical  case  only  22.5  per  cent  of  the  total,  which  includes 
ample  allowance  for  depreciation,  taxes  and  insurance.  But 
so  much  of  a  dam  is  in  hidden  foundations  and  in  parts  under 
water  and  so  much  of  the  long  transmission  line,  rights-of-way 
and  power  house  and  substations  is  out  of  view  to  a  spectator,  that 
even  though  he  be  liberally  inclined  towards  the  deserts  of  capital, 
he  constantly  underestimates  the  amotmt  of  capital  invested  and 
neglects  to  include  in  his  conception  of  the  cost  of  the  power, 
adequate  charges  for  the  service  of  this  capital. 

Business  men  know  that  profits  depend  not  only  upon  excess 
of  price  over  cost  of  product,  but  on  **  turn-over—",  which  is  the 
ratio  of  aggregate  sales  to  capital. 

If  we  compare  a  steam-electric  with  a  hydroelectric  power  of 
the  same  capacity  in  both  of  which  the  selling  price  of  a  horse 
power-hour  is  the  same,  we  must  permit  out  of  this  selling  price 
a  greater  proportion  of  gross  profit  in  the  hydroelectric  or  we 
cannot  yield  the  same  return  to  capital,  since  there  is  three 
times  the  capital  to  be  served.  In  other  words,  there  is  only 
one- third  of  the  **  turn-over  **.  The  activity  of  capital  in  a 
hydroelectric  plant  is  very  low,  much  lower  than  in  a  steam 
station,  and  much  lower  than  in  almost  all  other  branches  of 
industry  such  as  manufacturing. 

Certain  public  service  commissions  have  hampered  water 
powers  by  not  recognizing  the  distinction  between  bond  interest 


19161  DUNN:  WATER  POWER  DEVELOPMENT  453 

as  a  comptdsory  expense  paid  as  the  rent  for  money  loaned,  and 
dividends  as  an  earned  reward  for  the  risk  of  the  business  and 
skill  in  management.  They  have  in  effect  ruled  that  the  total 
return  for  bond  interest  and  dividends  together  must  be  limited 
to  a  certain  amount — eight  per  cent  in  the  recent  decisions  in 
California.  The  result  of  this  in  attempting  to  secure  new 
capital  at  a  time  when  bond  interest  rates  are  tending  to  rise  is 
going  to  be  the  same  as  if  a  grocer,  when  his  rent  is  raised  because 
of  improvement  in  the  opportunities  of  the  neighborhood,  should 
be  ordered  to  accept  smaller  profits  in  order  to  keep  the 
total  of  his  rent  and  profits  the  same  as  before.  If  he  were  free, 
he  would  decline  to  do  business  under  such  conditions,  and  if  not 
free  his  plight  would  be  a  warning  to  others. 

There  has  been  considerable  discussion  about  the  length 
of  term  for  a  permit  or  franchise  after  which  recapture  clauses 
can  take  effect,  and  those  interested  in  water  power  are  not  agreed 
seemingly  because  of  difference  in  approach  to  the  problem  rather 
than  difference  in  conviction  as  to  the  effect  of  certain  pro- 
visions. 

For  a  simple  water  power  unrelated  to  others  and  not  expected 
to  grow,  a  fifty-year  term  might  at  first  sight  seem  long  enough  to 
remove  from  influencing  the  raising  of  capital,  discussions  con- 
cerning the  favorable  or  unfavorable  developments  final  to  the 
term.  Those'who  are  less  concerned  over  final  conditions  are 
often,  although  sometimes  unconsciously,  relying  upon  the  ex- 
treme improbability  of  the  exercise  of  the  right  of  recapture, 
with  such  loss  as  it  might  involve. 

But  ten  years  of  the  fifty  would  often  run  between  the  granting 
of  a  permit  and  the  time  a  bond  issue  was  put  out  and  construc- 
tion conunenced,  and  three  years  more  would  often  run  before  op- 
eration began,  so  that  the  recapture  conditions  might  indeed  come 
within  the  life  of  a  forty-year  bond  and  have  a  sentimental,  if 
no  other,  effect  upon  its  acceptability  and  price. 

But  growth  is  a  characteristic  of  successfully  located  and 
successfully  managed  water  powers,  and  ten  years  after  the  com- 
pletion of  construction  perhaps  the  development  of  a  second  loca- 
tion further  up  stream  by  the  same  company  becomes  desirable. 
While  a  fifty-year  permit  for  the  new  development  may  have  no 
disadvantages,  the  new  bonds  of  the  company  must  take  into 
view  the  approaching  expiration  of  the  permit  on  the  first  develop- 
ment, which  now  is  only  27  years  off,  and  by  the  time  a  three- 
year  period  of  construction  of  the  second  development  is  com- 
pleted, will  be  only  24  years  off. 
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We  now  reach  a  time  when  it  becomes  of  the  highest  import- 
ance to  know  just  what  the  conditions  and  effect  of  recapture 
will  be.  If  we  are  successfully  to  solicit  capital  for  our  new 
venture  and  if  we  are  to  continue  to  be  able  to  invite  iftdustries 
to  locate  and  develop  in  our  territory,  building  extensive  fac- 
tories and  communities  in  the  security  of  long-term  power  con- 
tracts, the  possible  recapture  of  the  original  development  must 
contemplate  taking  over  not  only  the  dam  site,  which  is  all 
certain  proposed  laws  have  included,  but  the  transmission  lines, 
substations,  steam  auxiliaries  and  all  appurtenances  and  adjuncts 
that  make  the  development  an  operating  whole.  The  existing 
power  contracts  and  all  other  contractual  obligations  of  the 
development  should  also  be  part  of  the  obligation  of  recapture. 

In  default  of  this  the  application  for  new  capital  will  be  unsuc- 
cessful, because  there  will  be  feared  a  limitation  of  opportunity 
and  a  disorganization  of  the  management,  possible  liability  for 
unfulfilled  contracts  and  possible  loss  from  recapture  at  a  depre- 
ciated physical,  instead  of  a  fair,  value. 

If  recapture  is  to  be  on  terms  involving  a  known  definite  loss — 
in  several  bills  reversion  of  dam  and  power  house  without  com- 
pensation has  been  proposed — an  appropriate  sinking  fund  must 
be  set  up  to  offset  this.  Suppose  such  a  sinking  fund  to  be  one 
per  cent  of  the  cost  of  the  original  development  and  to  be  set 
up  thirty  years  in  advance  of  the  expiration  of  the* permit.  This 
1  per  cent  expense  seems  small ;  but  if  we  consider  that  the  total 
return  on  the  cash  cost  is  not  likely  to  average  over  10  per  cent, 
of  which,  for  purpose  of  illustration,  7  per  cent  may  be  regarded 
as  bond  interest  and  3  per  cent  as  profits,  the  1  per  cent  sinking 
fund  for  the  amortization  of  the  loss  of  recapture  would  absorb 
one-third  of  the  profits  of  those  owning  the  equity  in  the  venture 
and  bearing  the  risks  and  earning  the  rewards  of  management. 

Reference  has  been  made  in  only  a  general  way  to  term  of 
permit  and  conditions  of  recapture  in  illustration  of  the  kind  of 
problems  these  questions  throw  into  the  path  of  promoters  and 
engineers  seeking  to  make  water  powers  attractive  to  capital. 

A  number  of  their  chief  impediments  are  removed  and  water 
powers  take  on  a  new  aspect  when  viewed  as  a  source  of  secondary 
power  in  addition  to  their  primary  power.  Capital  for  a  given 
output  greatly  diminishes,  market  is  rendered  more  stable, 
transmission  lines  are  cheapened,  since  industries  that  use 
secondary  power  can  locate  near  the  development,  and  the  cost 
of  such  secondary  power  manifests  itself  so  low  as  to  help  to 
restore  the  effective  competition  of  water  with  steam.  In  many 
cases  secondary  water  power  would  be  so  much  cheaper  than 
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steam  that  impetus  would  be  given  to  the  creation  of  industries 
and  industrial  processes  now  dormant  because  the  cheapest 
steam  power  is  too  expensive.  For  process  purposes,  continuous 
or  primary  power  is  not  necessarily  required,  and  advantage  can 
be  taken  in  large  numbers  of  cases  of  the  enormous  amounts 
of  water  power  in  excess  of  minimum  flow  or  of  partly  equalized 
flow  now  wasted  in  other  than  the  dry  seasons.  If  by  wise 
provision  we  can  nourish  our  struggling  water  powers  with  the 
increased  revenue  which,  generally  speaking  and  without  interfer- 
ing with  primary  power,  secondary  power  could  yield,  the  total 
cost  of  both  services  would  be  so  greatly  reduced  that  water 
powers  would  again  in  a  large  number  of  cases  assume  the  place 
they  held  before  steam  power  became  so  cheap,  and,  east  of 
the  Mississippi,  began  to  rob  them  of  their  birth-right.  The 
water  powers  would  then  be  able  to  conserve  coal,  up-build 
communities  by  cheap  power,  and  encourage  location  in  this 
country  of  industries  that  now  go  elsewhere. 

If,  in  addition,  the  attitude  of  the  public,  and  in  harmony 
with  it  the  attitude  of  the  public  service  commissions  and  of  the 
government  should  change  toward  water  powers  so  as  to  regard 
them  as  friends,  capital  would  again  flow  liberally  and  the 
public,  the  government,  the  capitalists,  the  promoters  and  the 
engineers  would  all  be  highly  benefited  and  rewarded. 

But  even  independently  of  the  cultivation  of  secondary  power 
a  great  deal  can  be  done  to  develop  our  water  powers  as  they 
are,  especially  west  of  the  Mississippi  where  three-quarters  of 
the  water  power  resources  lie,  and  where,  generally  speaking,  on 
account  of  the  high  cost  of  coal,  water  power  is  normally  cheaper 
than  steam  power.  While  for  the  time  being  the  Pacific  states  and 
some  of  the  mountain  states  seem  to  be  over-developed  in  respect 
to  water  powers, — lacking  market,  rather  than  development — 
there  are  numerous  specific  cases  where  development  is  urgently 
needed  but  deterred  by  the  considerations  that  have  been 
mentioned.  Power  consumption  per  capita  in  the  United  States 
is  increasing  so  rapidly  that  unless  we  wish  to  shut  our  eyes  to 
the  staggering  rate  at  which  we  are  making  inroads  upon  our 
exhaustible  coal  supplies,  the  development  of  our  water  powers 
is  imperative. 

The  West  needs  them  to  get  power  more  cheaply  than  is  afforded 
by  the  relatively  high-priced  coal  and  oil,  and  with  this  cheaper 
power  it  can  in  time  work  wonders  in  industrial  and  agricultural 
development.  The  East  needs  them  as  a  source  of  power  cheaper 
still  than  the  already  cheap  steam  power  and  as  a  substitute  for 
the  fuel-produced  power  that  is  eating  out  the  vitals  of  our  fuel 
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resources,  which  should  be  conserved  for  purposes  that  only 
fuel  can  serve. 

The  "water  power  situation''  is  costing  the  country  many  mil- 
lions annually  in  actual  loss  and  in  retardation  of  industrial  de- 
velopment. 

It  has  been  shown  that  reduction  in  the  cost  of  water  power 
cannot  be  expected  from  further  inventions  or  improvements 
in  the  art  of  engineering,  but  nevertheless  the  cost  of  water  power 
is  susceptible  of  considerable  reduction  from  improvements  in 
another  direction. 

In  our  typical  case  77.4  per  cent  of  the  cost  of  production  of 
a  horse  power-hour  was  composed  of  bond  interest.  The  table 
was  compiled  on  the  assumption  that  money  was  worth  seven 
per  cent  for  water  power  purposes.  If  its  owners  could  be  induced 
to  lend  it  for  five  per  cent  the  bond  interest  would  be  reduced 
by  28  per  cent  and  the  cost  of  production  of  a  horse  power-hour 
by  22  per  cent — a  reduction  important  enough  in  many  cases  to 
turn  the  scales  against  steam  power  and  result  in  the  bringing 
of  a  new  water  power  into  existence. 

Or  if  the  case  occured  in  the  West,  a  22  .per  cent  reduction 
in  power  cost  would  go  a  long  way  towards  encouraging  the  use 
of  power  for  purposes  previously  out  of  its  range. 

A  five  per  cent  bond  interest  for  the  typical  case  is  not  vision- 
ary.   Railroads  enjoy  it  and  many  industrials. 

Water  powers  could  enjoy  it  if  there  were  a  change  of  policy 
towards  them  on  the  part  of  the  public,  the  commissions  and  the 
government  that  would  make  investments  in  them  secure,  re- 
move all  but  the  property  taxes  they  now  bear,  eliminate  the 
many  extra  construction  costs,  expenses,  delays,  technicalities  and 
injurious  limitations  they  suffer,  and  bring  them  to  a  position 
of  being,  under  the  fostering  care  of  the  government,  a  boon  to 
the  public. 

The  writer,  for  one,  thinks  this  change  will  slowly  come.  It 
has  already  started.  Little  by  little  the  interests  of  the  parties 
to  the  controversies  are  being  discovered  to  be  identical.  Little 
by  little  publicity  and  the  pure  light  of  intelligence  will  permit 
economic  laws  to  have  their  free  play  and  the  ''water  power 
situation"  will  disappear,  giving  place  to  a  rapid  development 
that  will  benefit  our  citizens  as  consumers,  strengthen  old  and 
develop  new  industries  and  save  our  coal,  putting  us  in  a  super- 
ior position  not  only  with  respect  to  power  but  in  respect  to 
the  influence  power  is  having  upon  the  development  of  all  the 
resources  of  the  country. 
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Discussion  on  *'  Water  Power  and  Defense  "  (Whitney), 
'The  Water  Power  Situation,  Including  Its  Financial 
Aspect"   (Dunn),  Washington,   D.   C,  April  26,  1916. 

F.  A.  Lidbury:  I  am  glad  this  question  has  been  brought  up, 
because  there  has  been  for  years  a  tendency  on  the  part  of 
electrical  engineers  in  connection  with  their  valley  load  problems 
to  assume  that  the  electrochemical  industries  can  offer  an  easy 
solution.  The  tendency  appears  in  various  ways.  There  is 
the  steam  central  station  man  who  comes  to  electrochemical 
manufacturers  and  says,  "We  can  offer  you  lots  of  power  at 
cheap  rates  if  you  will  only  take  it  for  a  few  hours  of  the  day." 
When  you  find  out  what  he  means  by  cheap  rates  you  get  a 
shock;  but  putting  that  aside,  and  putting  aside  the  fact  that 
few  electrochemical  processes  can  operate  satisfactorily  in  an 
intermittent  manner,  let  us  see  what  he  is  trying  to  do.  He 
is  trying  to  relieve  his  prospective  customer  of  the  investment 
portion  of  the  cost  of  the  steam  power.  What  is  forgotten  is 
that  he  is  asking  the  customer  tq  increase  his  own  investment 
charges. 

Putting  all  other  considerations  aside,  let  us  see  how  that 
works  out.  The  consensus  of  opinion  as  shown  by  the  figures 
given  today  is  that  the  cost  of  steam  plants  may  be  taken  as 
something  like  $60  per  kw.  capacity.  I  venture  to  say — and 
I  have  consulted  some  of  my  electrochemical  friends  present 
who  confirm  the  statement — that  there  is  not  an  electrochemical 
plant  in  the  country  that  does  not  involve  an  investment  of 
at  least  $50  per  kw.  in  plant  cost.  Many  electrochemical  plants 
run  to  several  times  that  figure,  and  the  average  would  be  much 
higher,  and  might  be  two  or  three  times  as  high.  What  the  cen- 
tral station  man  is  asking  is  therefore  that  his  customer  should 
increase  his  investment  charges  to  an  extent  usually  consider- 
ably greater  than  those  of  which  he  is  being  relieved.  Inter- 
mittent operation  is  in  some  cases  not  possible,  in  others  at 
least  inconvenient;,  but  the  fundamental  reason  why  these 
industries  do  not  gobble  up  the  off-peak  of  steam  central  stations 
is  the  one  just  given. 

Then  there  is  the  question  why  electrochemical  industries 
do  not  flock  around  those  water  powers  •  which  have  valley 
power  or  secondary  power  at — ^in  this  case  actually — relatively 
cheap  rates.  The  answer  is  again  that  the  added  investment 
cost,  taken  in  conjunction  with  disadvantages  of  intermittent 
operation,  is  such  as  to  more  than  neutralize  the  advantage  of 
the  lower  power  rate.  Partial  time  operation  of  electrochemical 
plants  does  not  therefore  offer  much  hope  as  a  solution  of  these 
problems,  I  am  not  sajdng  that  there  are  not  times  when  it 
can  be  done,  but  I  am  speaking  now  of  normal  conditions. 

From  the  electrochemical  point  of  view  the  figures  given  in 
Mr.  Dunn's  paper  would  require  modification.  His  comparisons 
between  the  cost  of  power  from  steam  and  hydroelectric  instal- 
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lations,  on  the  basis  of  a  50  per  cent  load  factor,  would  be  very 
different  on  the  basis  of  a  100  per  cent  load  factor.  It  is  obvious 
from  a  consideration  of  the  figures  Mr.  Stillwell  gave  this  after- 
noon that  water  power  costs  become  relatively  more  favorable 
than  steam  power  costs  as  the  load  factor  increases,  and  vice 
versa;  and,  as  Mr.  Stott  pointed  out  this  afternoon,  there  is 
under  every  set  of  conditions  a  point  where  the  two  curves 
cross.  The  load  factor  of  electrochemical  plants  usually  lies 
well  above  that  point. 

There  is  one  corollary  which  is  not  usually  drawn  as  clearly 
as  it  should  be.  Mr.  Dunn  mentioned  some  of  the  favorite 
legislative  prescriptions  put  into  bills  in  connection  with  water 
power.  One  of  the  most  ridiculous  of  these,  which  occurs  in 
almost  every  bill  relating  to  water  power,  is  a  provision  that 
preference  in  the  distribution  of  such  power  shall  be  given  to 
municipal  and  similar  purposes.  In  other  words,  you  must 
provide  the  type  of  power  which  is  most  costly  to  develop  with 
those  particular  loads  which  have  the  worst  load  factor.  It  has 
been  sufficiently  pointed  out  today  that  for  that  kind  of  load, 
even  under  the  most  favorable  water  power  conditions,  a  steam 
plant  will  do  the  work  cheaper  and  better,  and  it  is  about  time 
that  we  got  it  out  of  the  heads  of  legislators  that  the  proper, 
decent  and  reasonable  thing  to  do  is  to  tie  a  water  power  plant 
preferably  to  those  loads  of  the  worst  possible  load  factor. 

In  connection  with  legislation  one  or  two  other  points  must 
be  considered.  There  is  the  question  of  taxation  of  water 
power  to  which  Mr.  Dunn  referred.  It  has  been  clearly  pointed 
out,  principally  in  Dr.  Whitney's  paper,  that  for  certain  electro- 
chemical processes,  particularly  for  the  fixation  of  nitrogen,  we 
have  got  to  have  power  at  much  cheaper  rates  than  at  present 
in  order  to  permit  their  development.  Specific  taxation  of 
water  power  is  not  likely  to  lead  in  this  direction;  it  simply 
makes  it  more  difficult  to  introduce  industries  which  the  country 
vitally  needs. 

Next,  as  regards  the  provision  that  water,  power  plants  shall 
revert  to  the  government,  say  at  the  end  of  50  years.  What 
about  the  consumptive  industries  that  have  sprung  up  around 
such  water  powers?  In  most  cases  where  artificial  restraints 
are  not  put  upon  distribution,  these  will  largely  be  electrochem- 
ical plants.  These  plants  will  be  useless  except  in  connection 
with  the  water  power  plants,  and  they  will  be  providing  supplies 
of  fundamental  importance  to  the  general  industries  of  the 
country.  The  investment  involved  in  these  electrochemical 
plants  will  be  at  least  as  great  as,  probably  considerably  greater 
than  the  investment  involved  in  the  water  power  plant  itself. 
That  is  a  matter  which  should  receive  very  careful  consideration 
— what  is  going  to  happen  to  these  plants,  to  the  investment 
they  represent,  and  to  the  industries  which  have  become  depend- 
ent on  their  products,  if  by  some  carelessly  drawn  reversion 
clause  they  are  liable  to  be  thrown  on  the  scrap  heap  at  the  end 
of  50  years? 
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Most  of  these  points  are  more  or  less  related  to  the  strictly 
electrochemical  side  of  the  question;  but  I  feel  very  strongly 
that  either  the  future  of  most  of  the  water  powers  in  this  country 
will  be  bound  up  with  electrochemical  industries,  or  there  will 
be  no  future  at  all  for  them. 

Lawrence  Addicks:  What  Mr.  Dunn  says  about  seasonal 
variation  puts  a  little  different  color  on  this  question  of  off-peak 
power.  I  have  been  thinking  of  diurnal  variation,  and  I  'think 
Mr.  Lidbury  was  in  what  he  said,  as  I  certainly  was  in  connection 
with  what  I  said  this  afternoon.  If  you  put  to  us  the  proposition 
what  we  shall  do  in  the  ten  months  of  the  year,  our  first  question 
is — what  do  you  mean  by  cheap  power?  Do  you  mean  $10  per 
h.p:  year  or  anywhere  near  that  figure? 

Gano  Dunn:    That  or  better. 

Lawrence  Addicks:  What  will  we  do  with  large  quantities  of 
power  at  $10  per  h.p.  per  year,  ten  months  a  year,  and  nothing 
for  the  rest  of  the  time?  That  requires  a  business  which  could 
be  carried  on  by  using  the  current  for  a  part  of  the  time,  and 
working  up  the  product  in  other  ways  the  rest  of  the  time,  and 
in  the  few  minutes  I  have  had  to  consider  the  matter,  I  can  not 
think  of  any  case  where  it  looks  inviting.  In  order  to  comply 
with  the  proposition  it  means  that  we  must  use  so  much  power 
in  the- business  that  the  cost  of  the  power  is  the  main  thing,  and 
we  will  do  anything  to  get  cheap  power  and  shut  down  the 
business  for  two  months  in  the  year,  during  that  time  paying 
fixed  expenses  and  salaries. 

One  of  the  industries  in  which  such  a  proposition  might  be 
considered  is  the  nitrogerti^tidustry  by  the  arc  process,  and  I 
think  it  would  ^  a  very  interesting  thing  to  consider.  We  are 
now  trying  to  get  the  government  to  consider  this  manufacture 
of  nitric  acid  from  the  air,  and  we  are  talking  of  subsidizing  the 
industry,  and  if  Mr.  Dunn  will  come  forward  with  a  proposition 
which  will  yield  very  cheap  power  ten  months  in  the  year, 
it  would  be  worth  considering.  The  arc  process  uses  about 
25,000  kw.  per  ton  of  100  per  cent  nitric  acid.  The  aluminum 
industry  is  another  which  might  be  considered  in  this  connection. 

John  H.  Finney:  The  answer  to  Mr.  Addick's  question  in 
connection  with  the  aluminum  business  is  perhaps  best  found 
in  the  fact  that  we  are  building  today  something  over  150,000 
h.p.  in  hydroelectric  power  for  the  manufacture  of  aluminum,  to 
work  twenty-four  hours  a  day,  and  365  days  in  a  year.  I  do  not 
believe  secondary  power,  even  for  ten  months,  would  interest 
an  organization  such  as  ours. 

I  should  like  to  comment  briefly  on  Mr.  Dunn's  paper.  The 
electrical  engineer  is  essentially  an  optimist.  That  may  not  be 
apparent  from  the  papers  read  today,  and  from  some  of  the  dis- 
cussions, but  if  he  were  not  an  optimist,  I  do  not  think  he  would 
be  found  here  today  talking  water  power.  If  he  were  not  an 
optimist,  he  would  be,  by  this  time,  thoroughly  discouraged  by 
the  stagnation  that  has  existed  for  the  last  eight  or  ten  years  in 
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the  water  power  business.  If  he  were  not  an  optimist  he  would 
not  still  be  tr3ang  to  "unlock"  as  President  Wilson  puts  it, 
this  great  natural  resource  and  this  tremendous,  though  latent, 
asset  towards  industrial  advancement  and  preparedness. 

The  purpose  of  the  meeting  of  the  American  Institute  of 
Electrical  Engineers  and  of  its  Water  Power  Committee  here 
today  was  to  call  attention  to  a  phase  of  hydroelectric  develop- 
ment that  seemingly  has  not  had  much  thought  by  legislators 
and  department  officials  who  deal  with  this  question. 

We  thought  it  might  be  helpful  to  stress  the  important  uses 
to  which  water  power  can  be  put  by  the  electrochemical  and 
similar  industries.  Congress  has  in  mind  the  value  of  water 
power  measured  by  its  public  utility  use  solely,  and  the  vast 
majority  of  the  water  powers  of  the  United  States  are  not  in  that 
class  and  never  will  be,  in  my  opinion. 

The  great  bulk  of  the  water  power  in  the  United  States  is 
only  available  for  what  might  be  termed  a  semi-public  use — 
a  so-called  private  use,  it  might  be,  of  the  electrochemical 
industries,  the  semi-public  use  of  power  for  pimiping  water  on 
to  arid  lands;  serving  as  motive  power  in  the  electrification  of 
steam  railroads;  in  making  fertilizers,  or  in  making  nitrates 
for  explosives.  These  are  not,  strictly  speaking,  public  utility 
uses,  but  are  much  broader,  much  more  important,  in  that  the 
energy  creates  not  incandescent  lighting  for  instance,  but  the 
vastly  more  valuable  products  embraced  in  increased  trans- 
portation, or  increased  agricultural  production  or  new  and 
cheapened  products  of  the  electric  furnace  or  electric  bath. 

The  pubUc  utility  use  of  water  pQ]Rrer  is  mainly  that  of  using 
it  as  a  part  of  tjie  combined  water  and  steam  generating  system 
and  therefore  it  might  be  no  particular  hardship  to  the  public 
service  company  to  have  a  given  water  power  tsJcen  away  from 
it  at  the  end  of  a  fifty  year  period,  because  they  could  at  that 
time  substitute  a  steam  plant,  or  perhaps  another  water  power 
plant  if  it  were  in  reaching  distance  of  their  operations,  but  the 
great  mass  of  these  chemical  operations,  this  irrigation  work, 
this  electrification  of  steam  railways,  requires,  first,  cheap  power 
and  secondly  and  just  as  importantly,  it  requires  permanent 
power.  These  operations  require  power  in  perpetuity,  and  that 
is  another  thing  that  otir  Congressional  friends  do  not  seem  to 
have  in  mind,  viz.  the  difference  between  permanent  use,  and 
permanent  rights.  Great  works  of  the  expensive  and  permanent 
character  required  for  the  development  of  water  power  cannot 
be  financed  with  the  expectation  or  suggestion  that  they  must 
be  abandoned  at  the  end  of  a  fifty  year  period,  or  that  money 
invested  in  them  is  subject  to  suspicion  and  to  grave  risk  of 
confiscation  in  whole  or  in  part. 

Permanent  works  are  built  to  supply  a  permanent  use  which 
so  far  as  we  can  now  see  will  always  be  performed  in  the 
same  way — whether  the  original  lessee  continues  to  perform  it 
or  another  lessee  or  the  Government  finally  performs  it,  does 
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not  greatly  matter,  it  seems  to  me,  so  long  as  it  is  proposed  to 
deal  fairly  and  eqtiitably  with  the  original  lessee.  Cheap  water 
power  in  the  United  States  is  only  possible  with  cheap  money 
to  build  water  power  plants — every  unnecessary  property 
restriction  causes  dear  money  and  more  costly  power,  and 
materially  limits  the  available  water  power  resources  of  the 
nation,  as  has  been  well  pointed  out  by  Mr.  Dunn  and  others. 

If  the  Institute  can  bring  about  a  better  understanding  of 
what  these  industries  mean  in  their  importance  to  the  nation,  we 
have  felt  that  we  would  be  doing  ourselves  credit  as  leaders  in 
the  electrical  arts,  and  we  would  be  doing  the  nation  a  service, 
by  pointing  out  what  we  consider  fundamental  engineering 
principles  and  fundamental  economic  principles,  without  the 
recognition  of  which  no  permanent  water  power  policy  can  be 
written  by  the  Congress  that  will  bring  about  that  wide  develop- 
ment so  necessary  to  the  industrial  growth  of  the  nation. 

L.  H.  Baekeland:  Mr.  Gano  Dunn  referred  to  some  state- 
ments I  made  this  afternoon  on  the  subject  of  wasteful  banking. 
I  would  like  to  explain  what  I  meant.  Before  doing  so,  I  want 
to  answer  the  remark  Mr.  Finney  just  made.  He  asked:  "What 
is  the  real  importance  of  some  of  these  electrochemical  industries? 
I  could  take,  for  instance,  the  manufacture  of  nitrogen-fertilizer 
which  requires  such  very  cheap  power,  and  for  which  the  market 
is  almost  unlimited  if  it  can  be  supplied  at  a  sufficiently  low  cost. 
In  all  our  discussions  we  have  been  rather  indefinite  as  to  what 
we  mean  by  cheap  power.  For  instance,  in  the  city  of  Yonkers, 
I  am  charged  12  cents  a  kilowatt  hour  for  current.  I  think  that 
is  cheap,  because  I  cannot  do  any  better,  and  furthermore,  the 
matter  of  annual  expense  in  this  case  amounts  to  little.  So  I  do 
not  mind  much  the  12  cents  a  kilowatt  hour  they  are  charging  me. 
I  am  kicking  more  about  the  ugly  poles  with  which  they  are 
butchering  the  landscape  and  defacing  my  property,  and  I 
would  gladly  pay  15  cents  per  kilowatt  hour  and  call  it  cheap 
if  the  company  did  not  put  its  horrible  poles  in  such  inappropriate 
places. 

But  when  we  speak  of  cheap  power  for  fertilizers  we  mean 
$4  or  $5  per  horse  power-year,  twenty-four  hours  a  day  contin- 
uous service.  Why  do  we  want  cheap  fertilizers  in  the  United 
States?  I  was  bom  in  a  country  where  farm  labor  is  unusually 
inexpensive,  and  I  know,  therefore,  that  there  is  hardly  any 
comparison  possible  between  cost  of  farm  labor  in  Flanders  and 
that  in  the  United  States.  In  Flanders,  farm  labor  is  mostly 
a  family  affair.  The  peasant,  his  wife  and  children  work  in 
the  fields,  and  they  feel  happy  in  doing  so.  They  receive  no 
wages;  they  work  practically  for  their  board,  and  even  that 
does  not  amount  to  much. 

When  farmers,  at  such  low  rates  of  labor,  find  it  profitable  to 
utilize  cheap  nitrogen  fertilizers — and  after  all  fertilizer  is  a 
labor-saving  device — ^when  we  see  again  that  in  this  country, 
where  farm  labor  is  incomparably  more  expensive,  we  cannot 
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liPorr!  '-^  ':se  "hear>  nirr^ijen  femlizer.  because  it  costs  twice 
i*  -nncr,  is  :n  jiet<nini  :-r  zT^rrrrirrr.  then  *  th^^  is  something 
r."r*PTt  m  -he  "^r^ce    r  Denrnars:.  * 

\re  ':an  'rr«itice  -er^  :near  "nrr^ggi  ferriiizer  by  fixing  the 
"*r<"een  zrrm  ^he  ur  ir  "ve  liave  -rfvir  Tower.  The  chemical 
'rrrf^^e?;  T.  io  his  ire  x^^il  '^no-vn  md  :he  sonrces  of  cheap 
■^.cjvsrPT  ore  .:er?  :•  o.  3^iz  ::r  iererni  reasons,  by  the  time  we 
li^^eN^T-)  -he  ;:ower.  :i  li^ks  eccme  "co  expensive  tor  profitable 
:-e  -•^*h  *  liese  -irrressct;.  S-  me  r  ~zese  reasons  liave  been  well 
"M*  i^-rh  ;;'  _\[r  Giino  Z^xirzi.  md  vh.ai:  i  im  reiling  you  now 
:-  -r.t  .n  ■■nni'^<ir:,-n  'r  iis  srareEitsrts.  ^-:hr  bere  is  where  our 
•v^<r^*'U  -.Ankir^  zomes  into  tiJ^t. 

Vben  •  w?r*-v-:even  '-ears  j^'--.  I  'jjided  m  this  country,  one 

^  be  r.r>*  'hir^  -^hich  -rmck  nre  -vas  ^har  most  connnodities 
reri>  ire  r.eap  -^.rTich  it  Thea-  <ctirce  ^f  vrrdncrion,  but  they 
ire  *ri='Tr.er.d.'i:.^b.'  mi  re  ^:sq:e5:isive  b^  :he  nine  they  reach  the 
zrr\<iiT-er.  It  I  vere  ~o  yxjx  :r  tn  mot  her  way.  L  would  say  that 
-rp .  f  •  >e  r::r^e!?  -r  *bis  orimrr^  ts  ~hc  'unnecessary  nraltiplication 
-j  -^'r!.-:'.*r-er..  ind  bii:  -itnation  c-'t?^  -ioinsi  "he  ^rain  of  engi- 
Tit^pT^  ',r  rt^r-is's  -vti.^  -ivork  tor  ^incitnc:'.  S.^metimes  I  think 
"ve  ir*?-  %  '.-r  -.f  -ri-^s  -vhen  ':ve  -vork  md  tjlz  'z:^!^]!  ^jxxt  best  skill, 
',izr  'tPT^ •  '^.'  r*  -  -r rvr.v.z "  i^  tncreaie  ^ir cienc^ *  tn  -jo wer  production 
%r  r.  ^-i>r-:rai  ;:r-^.res>es  >:o  js  ~o  iejrea^e  the  cost  one  cent,  or 
i  -r^r  •  '.rr  r  i  -.*r.r .  .^r  ~»^  retrace  to^^ver  "'^rr>rrrrr  tiun  a  few  per  cent 
ir.d*  -«=-r.  4r***r  "ve  ire  ill  'Im^'Uirh  -vrtb  mr  tmprovements,  our 
'.".rr^-^f^rf^r:  -:*^."Ter.o'"  'ri -k.-  ike  i.  mere  trtne  :f  -re  v::*jmi?are  it  with 
:>.>  "•?  i/irt  -i  -visre  -vhioh  bas  tn  be  brrd-rf-t  bet^reen  the  pro- 
V'U^^  <r.i    re  v»nvTirner 

-^'.-v  :n  r^.^'ir'i  ^.o  virer  towers:  T-ike.  fiT  instance,  a  suitable 
w^prr-^j^'^f^  :T*e,  :nclu«::nc  real  estate  iitd  water  rights.  An 
'^r  r^^r-PT  -^rr^f^  ilrn^  ind  sees  the  tos^ibiiities  of  the  situation 
■V,r  -v^:,:^  '^r-rer  ie"-:«  rmenr.  Almo^r  :irrmeriately  he  is  con- 
.  "'.^^rd  '"•  b  >rr*-e  real  estate  ^Ttet^nlancn  :n  wbich  ^nne  men  have 

o  /f<  rr'r  7'^e  nert  -'e::  is  the  id'^ent  n  :he  pn?moter  who 
-WfT.^z  ■  r,  re*  -.-■-  -,-r.  ind  most  ^f  "he  trme  "er^'  quickiy.  Then 
c»',*ii**s  'be  b^r-^er  and  the  'Tnd-trtker.  jnd  then  tinally  the 
witer  ;■>'", ^''n'  ^^.r**r^.r:<e  ^ets  tc  the  trmt  whtae  the  equipment 
^;^-  '.r^.'>  "be  b^tr.ds  if  i  manairer,  and  the  rcw^" is  now  available 
to  Sie  ''^r>rr^nr-er,  wbo  tinally  irnls  that  it  is  rjo  expensive  for 
him  tM  u^e  :*  because  it  each  stec  in  it5  ievelcTrment.  the  fixed 
char je<^  ha^e  been  Tncr-^sm*^.  Thar  vrll  net  do  ti^r  cheap  power. 
Cheap  oow^^  :n  X'^rvv.  cr  ■:i:her  t-^aces  abroad,  are  not  bur- 
dened by  thc<;e  erctricriin-ai —  hxeti  :hanres  which  were  incurred 
by  ha\bn<y  t.>  j'-i  thr->Tijh  all  these  mid^ilemen.  Whenever  one 
set  of  nnancier^  -ir  Tirjierwriters  c'.:nrrT:i  the  whole  enterprise 
from  the  inception  of  the  water  r«'^er  to  the  construction  of 
the  chemical  worki;  and  the  delivery  «:^f  the  hnal  manufactured 
pr>iuct  to  the  corisumer,  it  stands  to  reason  that  the  final  cost 
of  the  water  power  will  be  cheaper.  In  some  cases  here  in  the 
L'rdted  States,  I  found  that  the  cost  of  operating  water  power 
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represents  only  10  per  cent  of  the  fixed  charges  introduced  by 
banking  or  financing,  so  that  any  important  reduction  of  the 
cost  has  to  be  found  more  in  the  financial  end  than  in  the  engi- 
neering or  operating  part  of  the  proposition. 

Now,  what  would  you  say,  for  instance,  if  you  started  to 
manufacture  sulphuric  acid,  and  if  first  of  all  your  plant  is 
located  on  a  piece  of  leased  ground  where  you  are  compelled  to 
pay  such  an  exorbitant  rent  because  the  people  who  possess  the 
real  estate  have  to  get  rich  by  it,  and  then  when  you  purchase 
your  raw  materials,  another  set  of  people  have  to  levy  consid- 
erable profit  on  this,  while  you,  as  a  manufacturer,  would  have 
to  get  your  share  in  the  manufacturing  operations  after  being 
confronted  then  again  with  a  selling  agency  which  would  claim 
high  commissions,  until  finally  the  product,  after  getting  through 
the  hands  of  all  those  middlemen,  comes  in  the  hands  of  the 
constuner  at  a  greatly  increased  cost.  The  up-to-date  sulphuric 
acid  manufacturer,  in  order  to  make  a  success  of  his  enterprise, 
begins  by  owning  land  or  real  estate,  and  he  secures  his  raw 
materials  directly,  and  when  it  comes  to  selling,  he  does  not 
have  to  go  through  the  additional  expense  of  middlemen.  There- 
fore, he  can  afford  to  deliver  his  sulphuric  acid  at  a  minimum 
cost.  Somehow,  we  have  not  yet  reached  that  point  in  the  util- 
ization of  our  water  powers.  It  is  true  that  in  some  cases,  none 
of  the  intermediaries  get  very  much  separately,  but  in  the  end, 
they  all  get  something,  and  these  expenses  are  multiplied  col- 
lectively until  they  sum  up  to  a  considerable  increase  in  the  cost 
of  power,  and  that  is  the  reason  why  our  water  powers  are  gen- 
erally so  much  more  expensive  than  they  are  in  some  other 
countries. 

The  remarks  of  Mr.  Dunn  are  correct,  that  our  capricious  and 
ill-digested  methods  of  legislation  on  the  subject  of  water  powers 
have  not  contributed  to  make  enterprises  of  the  kind  more 
inviting,  and  this  has  raised  the  rates  of  interest  at  which  money 
could  be  borrowed  for  this  class  of  enterprise. 

On  the  other  hand,  we  are  told  that  in  Germany  or  some 
other  European  countries,  there  is  no  opposition  between  pri- 
vate enterprises  and  the  government,  such  as  has  existed  of  late 
in  this  country.  I  should  point  out  that  this  matter  was  dis- 
posed of  by  the  very  fact  that  in  many  instances,  the  German 
government  has  run  these  public  service  enterprises  as  a  mon- 
opoly or  has  become  a  partner  in  them.  For  instance,  there  is 
no  struggle  between  railroad  companies  in  Germany  and  the 
German  government  for  the  reason  that  the  German  government 
owns  and  runs  the  railroads. 

A  short  time  ago,  in  studying  the  taxation  system  of  Germany, 
I  found  that  the  earnings  of  the  government  railroads  paid 
about  40  per  cent  of  the  total  expenditures  of  the  German  govern- 
ment, and  the  general  taxes  of  the  country  are  reduced  by  this 
amount.  In  other  cases  of  public  service  enterprises,  like  mines, 
etc.,  the  government  became  an  important  partner  in  the  enter- 
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afford  to  use  cheap  nitrogen  fertilizer,  because  it  costs  twice 
as  much  as  in  Belgium  or  Germany,  then  "  there  is  something 
rotten  in  the  State  of  Denmark." 

We  can  produce  very  cheap  nitrogen  fertilizer  by  fixing  the 
nitrogen  from  the  air  if  we  have  cheap  power.  The  chemical 
processes  to  do  this  are  well  known  and  the  sources  of  cheap 
power  are  here  too.  But  for  several  reasons,  by  the  time  we 
develop  the  power,  it  has  become  too  expensive  for  profitable 
use  with  these  processes.  Some  of  these  reasons  have  been  well 
put  forth  by  Mr.  Gano  Dunn,  and  what  I  am  telling  you  now 
is  not  in  opposition  to  his  statements.  Right  here  is  where  our 
wasteful  banking  comes  into  play. 

When  twenty-seven  years  ago,  I  landed  in  this  country,  one 
of  the  first  things  which  struck  me  was  that  most  commodities 
here  are  cheap  enough  at  their  source  of  production,  but  they 
are  tremendously  more  expensive  by  the  time  they  reach  the 
consumer.  If  I  were  to  put  it  in  another  way,  I  would  say  that 
one  of  the  curses  of  this  country  is  the  unnecessary  multiplication 
of  middlemen,  and  this  situation  goes  against  the  grain  of  engi- 
neers or  chemists  who  work  for  efficiency.  Sometimes  I  think 
we  are  a  lot  of  fools  when  we  work  and  put  forth  our  best  skill, 
our  best  efforts,  striving  to  increase  efficiency  in  power  production 
or  in  chemical  processes  so  as  to  decrease  the  cost  one  cent,  or 
a  fraction  of  a  cent,  or  to  reduce  power  consumption  a  few  per  cent 
and  then,  after  we  are  all  through  with  our  improvements,  our 
increased  efficiency  looks  like  a  mere  trifle  if  we  compare  it  with 
the  big  gap  of  waste  which  has  to  be  bridged  between  the  pro- 
ducer and  the  consumer. 

Now  in  regard  to  water  powers:  Take,  for  instance,  a  suitable 
water-power  site,  including  real  estate  and  water  rights.  An 
engineer  comes  along  and  sees  the  possibilities  of  the  situation 
for  water  power  development.  Almost  immediately  he  is  con- 
fronted with  some  real  estate  speculation  in  which  some  men  have 
to  get  rich.  The  next  step  is  the  advent  of  the  promoter  who 
wants  to  get  rich  too,  and  most  of  the  time  very  quickly.  Then 
comes  the  banker  and  the  bond-broker,  and  then  finally  the 
water  power  enterprise  gets  to  th«  point  where  the  equipment 
gets  into  the  hands  of  a  manager,  and  the  power  is  now  available 
to  the  consumer,  who  finally  finds  that  it  is  too  expensive  for 
him  to  use  it,  because  at  each  step  in  its  development,  the  fixed 
charges  have  been  increasing.  That  will  not  do  for  cheap  power. 
Cheap  powers  in  Norway,  or  other  places  abroad,  are  not  biu*- 
dened  by  those  extraordinary  fixed  charges  which  were  incurred 
by  having  to  go  through  all  these  middlemen.  Whenever  one 
set  of  financiers  or  underwriters  control  the  whole  enterprise 
from  the  inception  of  the  water  power  to  the  construction  of 
the  chemical  works  and  the  delivery  of  the  final  manufactured 
product  to  the  consumer,  it  stands  to  reason  that  the  final  cost 
of  the  water  power  will  be  cheaper.  In  some  cases  here  in  the 
Unitoi  States,  I  found  that  the  cost  of  operating  water  power 
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represents  only  10  per  cent  of  the  fixed  charges  introduced  by 
banking  or  financing,  so  that  any  important  reduction  of  the 
cost  has  to  be  found  more  in  the  financial  end  than  in  the  engi- 
neering or  operating  part  of  the  proposition. 

Now,  what  would  you  say,  for  instance,  if  you  started  to 
manufacture  sulphuric  acid,  and  if  first  of  all  your  plant  is 
located  on  a  piece  of  leased  ground  where  you  are  compelled  to 
pay  such  an  exorbitant  rent  because  the  people  who  possess  the 
real  estate  have  to  get  rich  by  it,  and  then  when  you  purchase 
your  raw  materials,  another  set  of  people  have  to  levy  consid- 
erable profit  on  this,  while  you,  as  a  manufacturer,  would  have 
to  get  your  share  in  the  manufacturing  operations  after  being 
confronted  then  again  with  a  selling  agency  which  would  claim 
high  commissions,  until  finally  the  product,  after  getting  through 
the  hands  of  all  those  middlemen,  comes  in  the  hands  of  the 
constuner  at  a  greatly  increased  cost.  The  up-to-date  sulphuric 
acid  manufacturer,  in  order  to  make  a  success  of  his  enterprise, 
begins  by  owning  land  or  real  estate,  and  he  secures  his  raw 
materials  directly,  and  when  it  comes  to  selling,  he  does  not 
have  to  go  through  the  additional  expense  of  middlemen.  There- 
fore, he  can  afford  to  deliver  his  sulphuric  acid  at  a  minimum 
cost.  Somehow,  we  have  not  yet  reached  that  point  in  the  util- 
ization of  our  water  powers.  It  is  true  that  in  some  cases,  none 
of  the  intermediaries  get  very  much  separately,  but  in  the  end, 
they  all  get  something,  and  these  expenses  are  multiplied  col- 
lectively until  they  sum  up  to  a  considerable  increase  in  the  cost 
of  power,  and  that  is  the  reason  why  our  water  powers  are  gen- 
erally so  much  more  expensive  than  they  are  in  some  other 
countries. 

The  remarks  of  Mr.  Dunn  are  correct,  that  our  capricious  and 
ill-digested  methods  of  legislation  on  the  subject  of  water  powers 
have  not  contributed  to  make  enterprises  of  the  kind  more 
inviting,  and  this  has  raised  the  rates  of  interest  at  which  money 
could  be  borrowed  for  this  class  of  enterprise. 

On  the  other  hand,  we  are  told  that  in  Germany  or  some 
other  European  countries,  there  is  no  opposition  between  pri- 
vate enterprises  and  the  government,  such  as  has  existed  of  late 
in  this  country.  I  should  point  out  that  this  matter  was  dis- 
posed of  by  the  very  fact  that  in  many  instances,  the  German 
government  has  run  these  public  service  enterprises  as  a  mon- 
opoly or  has  become  a  partner  in  them.  For  instance,  there  is 
no  struggle  between  railroad  companies  in  Germany  and  the 
German  government  for  the  reason  that  the  German  government 
owns  and  runs  the  railroads. 

A  short  time  ago,  in  studying  the  taxation  system  of  Germany, 
I  found  that  the  earnings  of  the  government  railroads  paid 
about  40  per  cent  of  the  total  expenditures  of  the  German  govern- 
ment, and  the  general  taxes  of  the  country  are  reduced  by  this 
amount.  In  other  cases  of  public  service  enterprises,  like  mines, 
etc.,  the  government  became  an  important  partner  in  the  enter- 
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prise,  and  in  this  way,  succeeded  in  controlling  easily  these 
enterprises  from  within,  instead  of  trying  to  curb  them  by 
drastic  legislation  from  without. 

I  do  not  say  that  we  should  copy  these  methods.  I  merely 
want  to  point  out  where  we  are  laboring  under  difficulties 
which  might  be  removed  if  some  way  could  be  devised  by  which 
the  government  could  enter  into  efficient  cooperation  with 
these  enterprises.  Some  of  the  privately  owned  public  entei^ 
prises  in  this  country,  I  am  sorry  to  say,  have  not  always  been 
carried  out  in  the  interest  of  the  stockholders  who  had  invested 
their  money  in  these  properties,  and  this  too  is  a  very  important 
reason  why  capital  has  become  shy  and  wants  increased  inter- 
est rates  so  as  to  make  up  for  any  contingencies  of  failure  aside 
from  fear  of  disturbing  legislation.  This  undoubtedly  has 
raised  the  fixed  interest  charges  for  any  similar  enterprises 
which  might  have  to  be  launched. 

In  England,  canals  which  once  were  privately  owned,  were 
subsequently  bought  up  by  railroads  and  they  proceeded  to  take 
great  care  that  the  canals  could  not  be  used  in  competition  with 
the  privately  owned  railroad  enterprises.  In  this  country,  we 
have  become  so  "socialistic**  as  to  have  canals  which  belong  to 
the  state.  I  understand  that  in  Germany,  all  the  canals  are 
owned  by  the  government,  and  I  know  that  they  are  kept  in  the 
most  splendid  condition  of  efficiency  and  the  government  can 
afford  to  maintain  and  improve  them  even  if  such  action  is  in 
direct  competition  to  the  operation  of  its  own  railroads. 

In  general,  there  is  a  great  difference  in  efficiency  in  any  country 
when  enterprises  or  the  details  of  government  are  run  by  engi- 
neers and  experts  instead  of  by  politicians. 

Mr.  Gano  Dunn,  a  year  ago,  in  this  city  of  Washington, 
advanced  the  idea  that  an  engineer  should  never  mix  in  matters 
of  government  administration.  I  told  him  at  that  time,  that  I 
disagreed  with  him.  Then  after  his  interesting  paper  today, 
I  disagree  still  more,  because  he  has  proved  by  his  own  example 
the  versatility  of  our  engineers. 

We  are  encountering  quite  some  difficulty  in  the  problems  of 
government  of  this  nation.  But  we  should  not  be  too  impatient. 
These  matters  are  straightening  themselves  steadily — only  a 
pessimist  can  deny  this.  We  are  confronted  in  this  country 
with  entirely  new  problems  which  have  to  be  treated  in  new  ways. 
These  problems  are  considerably  complicated  by  the  immense 
and  rapid  growth  of  our  Republic.  The  fact  is  that  this  country, 
as  it  grows  larger  and  larger  cannot  keep  on  being  run  in  the 
easy-going  ways  of  a  mining  camp.  We  have  come  to  a  point 
where  we  have  to  change  our  methods,  and  in  this  we  have  to 
do  some  experimenting,  just  as  we  are  doing  in  our  chemical 
industries.  If  it  were  not  for  direct  experimenting,  our  chemical 
industries  could  never  have  made  progress.  We  are  very  lucky 
if,  only  once  in  awhile,  some  of  those  experiments  are  successful, 
and  we  do  not  count  so  much  the  ones  which  have  been  unsuc- 
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cessful  as  long  as  we  make  headway.  These  problems  cannot 
be  solved  by  a  general  formula,  inflexible  and  everlasting.  Fur- 
thermore, whenever  we  discuss  these  problems,  we  are  apt  to 
be  carried  away  by  one  single  point  of  view  or  another  and  on 
this  account,  we  frequently  exaggerate  one  single  feature  by 
looking  at  it  from  one  standpoint.  This  is  the  mistake  of  most 
of  our  politicians.  When  we  talk  about  these  matters,  let  us 
discuss  them  like  engineers.  Let  us  use  quantitative  argumenta- 
tion and  let  us  impress  those  of  our  friends  in  Congress  or  the 
Senate  who  are  really  willing  to  learn  that  we,  at  least,  can  look 
at  the  situation  with  a  due  sense  of  proportion  by  using  quanti- 
tative argiunents  and  not  be  overawed  by  merely  qualitative 
considerations. 

C.  G.  Atwftter:  The  point  I  want  to  discuss  is  contained  in 
the  first  sentence  of  the  summary  in  Mr.  Whitney's  paper, 
namely,  that  the  United  States  has  no  adequate  source  of  fixed 
nitrogen.  I  think  that  point  is  open  to  some  question.  Further 
along  the  paper  makes  an  exception  of  the  gas  and  coke  in- 
dustry. 

I  presume  that  Mr.  Whitney  in  writing  the  paper  did  not 
consider  the  dimensions  of  these  industries  nor  the  present 
conditions  that  prevail  in  them.  As  a  matter  of  fact,  so  far 
from  there  being  no  source  of  fixed  nitrogen,  there  is  being  pro- 
duced every  year  in  this  country  from  the  carbonization  of 
coal  to  make  coke  about  750,000  tons  of  sulphate  of  anmionia, 
or  equivalent  to  that.  That  figures  up  pretty  nearly  to  our  whole 
consumption  of  fixed  nitrogen.  It  is  not  all  being  recovered, 
but  it  is  a  source  known  to  be  open  for  the  recovery  of  thatamount. 
There  is  at  present  being  recovered  of  that  amount  about  220,000 
tons  of  sulphate  of  ammonia  per  year. 

That  is  a  very  fair  proportion,  but  Jt  is  being  largely  increased. 
The  development  of  the  coking  industry  that  has  come 
with  the  present  abnormal  conditions,  though  largely  from  the 
natural  growth  of  the  iron  and  steel  business,  has  brought 
about  very  nearly  the  doubling  of  that  industry,  potentially, 
within  the  last  few  months;  that  is  to  say,  contracts  have  been 
let  for  some  2600  coking  ovens  which  will  produce  about  150,000 
tons  of  sulphate  of  ammonia  per  year. 

Now,  as  you  will  see,  that  is  very  far  from  the  country  being 
in  a  position  of  having  no  adequate  source  of  fixed  nitrogen. 

I  do  not  wish  to  make  these  suggestions  from  the  point  of 
view  of  checking  or  discouraging  water  power  development, 
but  when  you  come  to  figure  these  things  out  and  deal  with 
our  friends  the  bankers  and  others,  these  points  will  have  to 
be  considered. 

There  is  a  tremendous  increase  under  way  in  the  by-product 
coke  ovens,  as  I  have  said,  and  it  will  amount  to  more  than  I 
have  stated,  because  I  have  only  referred  to  ovens  actually 
under  contract.  There  are  2000  or  3000  more  under  consider- 
ation.    The  business  of  recovering  the  by-products  wasted  in 
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coal  is  being  rapidly  developed  to  somewhere  near  the  position 
which  it  should  occupy.  That  is  also  being  applied  to  the  re- 
covery of  nitric  acid.  It  will  be  possible  to  convert  ammonia 
from  coke  ovens  into  nitric  acid.  There  is  no  question  also 
that  the  development  of  the  coke  ovens  will  contribute  toluol 
and  other  substances  essential  in  time  of  war. 

Calvert  Townley:  I  had  an  opportunity  some  fifteen  months 
ago  of  visiting  the  nitrate  pampas  of  Chile  and  of  inspecting 
the  methods  used  for  getting  out  this  valuable  product.  It 
may  interest  you  if  I  say,  that  I  was  impressed  with  the  possi- 
bility of  very  greatly  cheapening  that  product  to  the  ultimate 
consumer. 

We  must  remember  that  for  a  long  term  of  years  the  Chilean 
nitrates  practically  had  a  monopoly,  that  is  to  say,  the  output 
of  Chilean  nitrates  so  largely  exceeded  that  of  any  other  similar 
products  that  the  competition  of  such  products  was  unimportant. 
The  nitrate  earth  of  Chile  was  very  rich  and  to  work  it  was 
very  profitable,  no  matter  how  inefficient  might  be  the  methods 
of  extracting  the  nitrate,  consequently  the  processes  were  crude 
in  many  respects,  and  the  operators  did  not  seek  for  the  econom- 
omies  which  might  have  been  practised  if  the  pressure  of  com- 
petition had  been  severe.  I  am  not  a  chemist  but  it  was  appar- 
ent even  to  me,  as  it  would  have  been  to  any  engineer,  that  there 
were  possibilities  of  material  improvement  in  the  economy 
of  the  production  of  nitrate. 

When  I  was  there,  owing  to  the  European  war  the  industry 
was  prostrate.  Only  about  30  per  cent  of  the  plants  in  the 
country  were  in  operation,  and  these  were  running  on  part 
time  only.  Some  30,000  laborers  had  been  thrown  out  of  employ- 
ment, and  I  never  saw  a  more  discouraged  and  disheartened 
set  of  men  than  the  operating  officials  who  had  to  do  with  this 
industry.  They  did  not  know  what  was  going  to  happen  next. 
One  thing  which  had  happened  was  that  they  were  studying 
to  improve  processes  for  the  extraction  of  nitrate,  and  it  is 
usually  a  safe  prediction  that  when  a  body  of  men  who  have 
been  interested  in  an  industry  for  a  long  time  have  sufficient 
incentive  to  make  improvements  they  will  make  them  provided 
there  is  any  considerable  margin  to  work  on. 

Before  the  war  the  Chilean  government  received  some  60 
per  cent  of  its  annual  revenues  from  export  duty  on  this  nitrate 
which  amounted,  in  round  figures,  to  about  $11  a  ton.  It  is 
an  arbitrary  duty  which  of  course  can  be  changed,  and  be- 
cause the  industry  was  then  almost  prostrate  the  question 
of  modifying  this  duty  was  being  discussed.  If  artificial  pro- 
cesses for  getting  fixed  nitrogen  should  be  established  on  a 
scale  large  enough  to  jeopardize  the  Chilean  industry  it  is  only 
a  fair  prediction  that  the  Chilean  government  will  reduce  its 
export  duty. 

There  is  still  a  third  direction  from  which  a  reduction  in  the 
cost  of  nitrate  may  come.    The  cost  of  transportation — bringing 
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the  Chilean  nitrates  from  the  pampas  where  are  the  mines  and 
reduction  mills  to  the  American  market,  has  been  abnormally 
high.  None  of  the  reasons  for  this  fact  are  fundamental;  they 
are  all  more  or  less  the  result  of  monopoly  or  of  limited  facilities 
and  the  cost  is  consequently  subject  to  future  reduction  should 
the  transportation  agencies  be  improved  or  competition  become 
severe. 

The  very  live  possibility  that  our  country  may  become  in- 
volved in  war  and  the  pressing  need  of  providing  for  such  a 
contingency  should  not  blind  us  to  the  fact  that  we  have  lived 
many  years  at  peace  with  the  world  and  are  likely  to  so  continue 
— therefore  no  plan  for  producing  nitrogen  will  be  economically 
sound  which  is  not  comnxercially  practicable  under  peace  con- 
ditions. While  the  quantity  of  nitrate  in  Chile  has  been  seriously 
depleted  it  is  still  sufficient  to  supply  the  world  for  years  to  come 
and  its  early  exhaustion  can  therefore  by  no  means  be  counted 
upon.  This  means  that  any  cost  for  power  which  we  may  now 
estimate  to  be  low  enough  to  permit  the  artificial  fixation  of 
nitrogen  in  competition  with  the  natural  salts,  may  have  to 
be  radically  revised  downward  later  on.  That  furnishes  another 
reason  why  we  must  make  every  possible  effort  to  cut  down  our 
power  costs.  On  the  other  hand,  of  course  all  of  the  processes 
for  the  fixation  of  nitrogen  as  now  known  are  relatively  new  and 
susceptible  of  much  improvement.  I  understand  that  not  more 
than  15  or  20  per  cent  of  the  electrical  energy  required  by  the 
arc  process  is  actually  used  in  the  fixation  of  nitrogen.  Perhaps 
some  of  my  chemical  friends  will  correct  me  if  I  am  wrong. 

L.  H.  Baekeland:    It  is  2.5  per  cent. 

Calvert  Townley:  Well,  it  is  worse  than  I  thought  it  was. 
That  being  the  case,  is  it  not  fair  to  assume  that  with  the  bril- 
liant minds  which  are  at  work  on  this  problem  a  great  improve- 
ment is  likely  to  result?  May  we  not  hope  that  the  processes 
will  be  so  improved  that  the  industry  can  prosper  with  very 
much  greater  power  costs?  A  process  with  an  efficiency  of 
2.  5  per  cent  which  could  live  and  pay  $7.50  per  h.p.  per  year  could 
presumably  do  quite  as  well  with  a  $22.50  h.p.  if  the  efficiency 
could  be  raised  to  7.5  per  cent.  One  way  to  have  tHe  processes 
improved  is  to  get  people  into  the  business.  We  all  know  that 
there  is  no  teacher  like  experience,  that  necessity  is  the  mother 
of  invention,  and  that  if  we  can  get  not  one,  but  a  dozen,  or 
fifteen,  or  twenty,  or  even  a  hundred  corporations  interested 
and  competing  with  the  hope  of  ultimate  profit,  such  competition 
will  bring  out  the  best  efforts  of  the  brightest  minds.  The  result 
will  be  that  in  this  industry,  as  it  has  been  in  every  other  industry 
with  which  electricity  has  been  connected,  the  efficiency  will 
rise  and  costs  will  go  down,  making  it  possible  to  use  power  at 
a  cost  which  now  is  entirely  out  of  the  question. 

Those  are  to  my  mind  important  reasons  why  we  should  set 
ourselves  earnestly  to  the  task  of  getting  this  industry  on  a  basis 
where  it  can  go  ahead. 
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One  thing  very  clearly  shown  in  Mr.  Dunn's  paper,  is  hew 
large  a  part  the  cost  of  capital  plays  in  a  hydroelectric  entei 
*  prise.  No  engineer  could  fulfill  his  obligation  to  his  client  with- 
out considering  the  question  of  the  security  of  any  investment. 
Technical  matters  can  occupy  but  an  insignificant  and  minor 
position  if  there  is  a  risk  that  the  entire  stim  put  into  an  enter- 
prise, or  any  part  of  it,  may  be  forfeited. 

Capital  conveys  to  many  minds  quite  an  erroneous  notion. 
We  are  apt  to  think  of  it  as  something  entirely  separate  and 
apart  from  ourselves.  We  think  of  a  banker  as  a  man  who 
himself  puts  his  own  money  into  enterprises.  Now  that  assump- 
tion is  fundamentally  wrong.  Investors  are  not  the  bankers, 
they  are  the  men  in  this  room.  They  are  all  of  us,  and  our 
friends.  To  be  sure  we  do  not  individually  build  water  or  steam 
power  plants  for  the  very  obvious  reason  that  such  enterprises 
require  large  sums  of  money  and  there  must  be  some  one  who 
will  undertake  to  find  out  whether  or  not  an  enterprise  is  right 
and  sound  and  then  get  the  necessary  funds  together  for  the 
undertaking.  That  is  just  what  the  banker  does.  He  is  a  sort 
of  Captain  of  Money.  He  scrutinizes  an  enterprise  and  agrees  to 
or  refuses  to  back  it,  not  because  he  himself  likes  it,  or  because  he 
does  not  like  it  but  because  he  knows  the  sort  of  investments 
which  his  clients,  you  and  I  and  our  friends,  are  likely  to  put 
money  into. 

Some  one  said  something  here  this  afternoon  rather  critically 
about  the  lack  of  patriotism  in  capital.  Now,  capital  is  a  com- 
modity just  like  grain,  or  cattle  or  clothing.  It  can  be  obtained 
for  a  price  and  it  goes  where  -it  can  find  the  best  market.  Not 
one  of  us  would  stand  silent,  accused  of  lack  of  patriotism,  but 
who  is  there  here  who  would  put  his  own  savings  into  an  un- 
profitable or  an  unsafe  enterprise  to  help  develop  water  powers 
in  the  west  when  he  might  invest  it  profitably  somewhere  else? 
To  rail  at  the  man  with  money  because  he  will  not  let  us  have 
it  at  a  lower  rate  than  he  can  get  elsewhere  is  just  as  unreason- 
able as  to  demand  that  oiu*  grocer  sell  us  eggs  at  30  cents  per 
dozen  when  he  can  get  40  cents  from  every  pne  else  in  the  neigh- 
borhood. 

As  Mr.  Dunn  remarked,  capital  is  an  international  fluid. 
It  flows  into  channels  of  least  resistance.  The  price  of  capital 
is  affected  by  the  same  laws  of  supply  and  demand  that  govern 
the  prices  of  every  other  commodity.  If  it  is  higher  in  this 
country  than  in  some  other  country  for  any  individual  class  of 
enterprises  it  is  because  that  class  of  enterprises  lacks  some 
feature  of  fundamental  value.  In  Mr.  Dunn's  comparison  of 
the  operating  costs  of  typical  steam  and  water  plants  the  capital 
rental  for  steam  is  19  per  cent  as  against  77.4  per  cent  for  water. 
If  by  creating  public  confidence  in  the  stability  of  investment 
and  otherwise  making  these  projects  financially  attractive  the 
rate  could  be  reduced  say  from  7  per  cent  to  5  per  cent  the  annual 
cost  of  a  steam  unit  of  power  would  come  down  5.4  per  cent  and 
that  of  the  water  unit  22  per  cent. 
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One  thing  capital  looks  for  is  earning  capacity,  and  another 
thing  is  stability.  Nearly  all  enterprises  can  get  capital  at  some 
price  because  there  is  an  abundance  of  it ;  but  when  any  project 
lacks  certainty  of  ample  earning  power  on  the  one  hand  or  stabil- 
ity on  the  other,  that  fact  will  be  reflected  at  once  in  the  price 
of  capital  which  will  demand  a  higher  return. 

One  thing  America  can  do  to  reduce  the  rent  of  the  capital 
which  water  powers  need,  is  to  remove  all  the  unnecessary 
handicaps  with  which  it  is  now  loaded  One  of  these  is  the  lack 
of  stability.  Warned  by  the  losses  suffered  in  the  past  by  many 
water  power  investors,  cautious  people  now  hesitate  to  incur 
similar  risks;  consequently,  the  source  of  capital  supply  is 
restricted  to  that  extent  and  a  higher  rental  prevails.  If  we 
can  eliminate  this  disability  capital  rental  will  fall  and  the  devel- 
opment of  the  water  powers  throughout  the  entire  length  and 
breadth  of  the  land  will  be  stimulated. 

One  speaker  referred  to  the  lower  price  of  money  abroad 
He  mentioned  the  paternalism  of  Germany  in  handling  their 
railroads  and  other  enterprises,  and  by  inference  at  least  drew 
a  comparison  unfavorable  to  American  bankers  and  their  sup- 
•  posed  unreasonable  demands.  As  far  as  my  information  goes 
there  is  no  more  ruthless  financier  than  this  same  German  banker. 
He  is  certainly  no  more  keen  to  lend  his  money  to  an  unprofitable 
enterprise,  or  at  a  lower  rate  of  interest,  on  account  of  patriotism, 
than  the  American  or  English  or  any  other  banker.  During 
my  tour  in  South  America,  I  learned  about  some  methods  of 
the  German  bankers  doing  business  in  those  countries.  I  found 
that  they  exacted  rates  of  interest  which  even  the  most  rapacious 
American  banker  would  not  think  of  asking  at  home.  They  did 
it  for  just  one  reason,  local  conditions  justified  the  rate  and  they 
charged  the  market  price  for  their  money.  They  could  get  it 
and  they  are  going  to  continue  to  get  it.  You  can  rest  assured 
that  when  a  foreign  banker  lends  his  money  to  hydroelectric 
enterprises  in  his  country  at  lower  rates  of  interest  than  the 
American  banker  does  in  the  United  States,  it  is  because  the 
foreign  investment  is  more  secure,  because  experience  shows 
that  the  foreign  government  is  going  to  protect  that  investment 
and  the  risk  of  loss  is  correspondingly  reduced. 

This  afternoon  Mr.  Stott  spoke  about  the  low  cost  of  power 
from  steam  and  the  increasing  severity  of  the  cost  competition 
with  which  water  powers  had  to  contend.  The  more  I  study 
water  powers  the  greater  respect  I  have  for  steam  and  if  water 
power  is  to  prevail  at  all,  we  must  do  our  utmost  to  bring  its 
cost  down  to  the  lowest  possible  limit.  If  steam  can  get  down 
lower,  steam  will  be  used  and  water  power  will  not  be  developed*. 
But  every  time  the  cost  of  water  power  comes  down  a  little 
bit  its  use  is  broadened  and  a  certain  number  of  water  powers 
which  otherwise  could  not  be  commercially  developed  are  worthy 
of  consideration. 

That  is  the  task  to  which  I  think  we  should  address  ourselves. 
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conjunction  with  state  commissions  will  meet  the  situation  which 
I  have  called  attention  to.  Besides,  under  a  Federal  Commission, 
the  work  now  being  done  by  the  Secretary  of  War,  the  Secretary 
of  Interior  and  the  Secretary  of  Agriculture,  could  be  brought 
under  a  single  head  thus  effecting  a  great  saving  to  the  govern- 
ment and  assuring  efficient  regulation  which  would  rebound  to 
the  benefit  of  the  investor  and  the  consumer. 

The  moment  that  the  promoters,  the  investers,  the  engineers 
and  the  associations  that  are  giving  their  time  to  this  subject 
come  to  Congress  with  a  fair  proposition,  fair  to  the  public  and 
fair  to  the  investor,  Congress  will  join  hands  with  them  in 
working  out  an  efficient  law.  Congress  is  looking  for  light,  it  is 
looking  for  information.  Members  of  Congress  are  also  anxious 
to  know  why  they  are  persecuted  for  daring  to  offer  any  objection 
to  impending  legislation  that  is  offered  by  what  is  known  as  the 
water  power  monopoly. 

Why,  we  know  and  you  know  better  than  I  do,  that  the  water 
power  interests  of  this  country  are  controlled  by  a  very  few  men, 
the  whole  policy  is  dictated  by  a  very  few  men.  Mr.  J.  P. 
Morgan  of  New  York  City  is  one  of  the  leadingfactors,  and  the 
General  Electric  Companies  is  the  great  big  institution,  with 
its  subsidiaries,  that  controls  the  situation.  I  do  not  object 
to  the  monopoly  because  the  development  of  hydroelectric  power 
economically  is  a  natural  monopoly.  The  thing  I  object  to  is 
the  refusal  on  the  part  of  those  owning  the  monopoly  to  admit 
that  there  is  a  monopoly  and  I  object  to  their  attempt  to  deceive 
the  public  as  to  the  existence  of  such  a  monopoly,  in  order  to 
defeat  legislation  having  for  its  purpose  the  control  and  regu- 
lation of  such  a  monopoly. 

Mr.  Cooper  says  in  his  article  in  The  Outlook,  that  it  is  not 
a  monopoly — he  laughs  at  the  idea,  he  scoffs  at  it —  and  yet  we 
know  it  is  a  monopoly.  Why  do  the  water  power  interests  try  to 
deceive  the  public?  What  can  be  their  piurpose?  Under  such 
a  condition  of  affairs  is  it  surprising  that  members  of  Congress 
as  well  as  the  public,  look  with  suspicion  upon  any  suggestion 
coming  from  owners  of  this  monopoly.  But  as  long  as  the  water 
power  interest  suppress  the  facts  concerning  the  monopolistic 
tendencies  of  hydroelectric  development.  Congress  of  the  United 
States  cannot  be  blamed  for  its  refusal  to  be  rushed  off  its  feet 
in  the  consideration  of  water  power  legislation. 

D.  B.  Rushmore:  I  need  not  say  that  I  came  here  absolutely 
as  an  individual.  I  came  here  in  my  capacity  as  a  member  of 
the  Institute,  and  as  a  man  who  has  spent  his  life  on  water 
power  developments,  and  I  will  be  frank  with  some  of  my 
experiences.  I  have  never  lost  money  to  any  extent  in  any- 
thing else  except  water  power  development.  I  have  had  a  gen- 
tleman in  New  York  tell  me  that  he  has  had  in  one  autumn  sixty- 
six  men  who  controlled  water  powers  locally  and  also  men  from 
different  countries  come  to  him  and  ask  him  to  help  them  to 
raise  money  for  those  water  power  enterprises.     Now,  there  is 
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one  waterpower,  not  ver>'  far  froir,  S^-w   ,   ^, 
who  controlled  it  for  years  was  a  ir^^,    ,   ^ 
This  friend  happened  to  call  at  our  '/^/?>    <  -^     ,    . 
over  to  me.    He  had  the  right  to  a  wjtv-r'v.'r--  ... 
raise  money  to  finance  it,  but  cou>i  r./.  '.-.   - 
working  on  it  for  years  and  no  one  wz-j'-:   .<^.i, 
a  friend  of  mine  look  it  up  and  he  said  r.  vi^   •,       ^^^        ^ 
it  would  not  pay,  that  it  did  not  have  a  Tr-arir-f      '"  ..    , 
tion  was  finally  taken  to  Chicago  to  people  w:  ^  *  ►-»   .-'... 
familiar  with  it.     I  know  they  had  a  difficu?.  iv..  '<- 
money,  people  did  not  want  to  go  into  it,  ihey  .s:.'.  •    ^  ,-     .* 
look  good  to  them.    The  only  place  they  could  f,  v.  -^-  ^ 
money  was  to  bankers  familiar  with  the  project,    \z.  *r     r:  ,  - 
ience  as  an  engineer  I  have  always  seen  the  pre%  .ure  v/".v    *  ,- 
the  other  side.     I  presume  there  are  in  New  York  ^r.  •rr .     »:<.' 
hundreds  of  men  who  control  complete  situations  tryjr.jj  v^  •  4*.  > 
the  money  for  them.    If  you  talk  to  a  man  who  does  wf,  ^'.vi* 
anything  about  a  waterpower,  he  will  not  listen  tr>  y^rj 
seems  to  me  there  has  been  a  great  misconception  alx/ur  ♦/-  i 
matter. 

Mr.  Dunn  has  dealt  with  bankers  and  knows  the  difficujt;«rt 
of  raising  money  and  in  my  opinion  his  paper  will  add  very  much 
to  the  beneficial  result  of  our  meeting  here.  Mr.  Townley% 
discussion  can  also  be  brought  to  the  attention  of  those  who  are 
in  any  way  interested  in  this  very  broad  and  important  sub- 
ject. The  financing  of  water  powers,  as  Mr.  Townley  said, 
very  truly,  is  dependent  on  us.  Would  any  of  us  invest  our 
money  in  them.  I  know  a  couple  of  bond  brokers  who  sell  bonds 
in  the  Mohawk  Valley.  They  go  into  Amsterdam  and  offer  to 
sell  farmers  public  utility  and  water  power  bonds,  and  what 
the  farmers  pay  for  the  bonds  depends  on  the  conditions  on 
which  the  water  power  can  be  installed  and  operated.  The 
banker  goes  around  and  gathers  up  various  opinions  and  finds 
out  what  the  people  will  take  the  bonds  for. 

The  time  is  here  for  a  new  era  of  publicity.  We  are  all  afraid 
of  the  things  we  do  not  know — what  is  behind  the  doors  and 
what  is  not  brought  out  is  always  largely  open  to  suspicion. 
Take  the  public  into  your  confidence,  work  with  the  public, 
put  the  cards  right  down  on  the  table  before  the  public  and  show 
them  just  what  you  have. 

Oscar  T.  Crosby:  The  political  problems  confronting  us  in 
the  development  of  our  water  powers  are  these: 

First,  to  what  extent  shall  the  authority  of  the  general  govern- 
ment, as  distinguished  from  that  of  the  several  states,  determine 
the  location,  physical  construction  and  physical  operation  of 
water  power  plants? 

Second,  what  authority  shall  control  the  financial  operations 
of  water  power  companies,  including  in  this  phase  the  control 
of  rates? 

Third,  assuming  these  two  questions  as  settled  in  one  way  or 
another,  what  principle  should  underlie  the  control  of  rates, 
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conjunction  with  state  commissions  will  meet  the  situation  which 
I  have  called  attention  to.  Besides,  under  a  Federal  Commission, 
the  work  now  being  done  by  the  Secretary  of  War,  the  Secretary 
of  Interior  and  the  Secretary  of  Agriculture,  could  be  brought 
under  a  single  head  thus  effecting  a  great  saving  to  the  govern- 
ment and  assuring  efficient  regulation  which  would  rebound  to 
the  benefit  of  the  investor  and  the  consumer. 

The  moment  that  the  promoters,  the  investers,  the  engineers 
and  the  associations  that  are  giving  their  time  to  this  subject 
come  to  Congress  with  a  fair  proposition,  fair  to  the  public  and 
fair  to  the  investor.  Congress  will  join  hands  with  them  in 
working  out  an  efficient  law.  Congress  is  looking  for  light,  it  is 
looking  for  information.  Members  of  Congress  are  also  anxious 
to  know  why  they  are  persecuted  for  daring  to  offer  any  objection 
to  impending  legislation  that  is  offered  by  what  is  known  as  the 
water  power  monopoly. 

Why,  we  know  and  you  know  better  than  I  do,  that  the  water 
power  interests  of  this  country  are  controlled  by  a  very  few  men, 
the  whole  policy  is  dictated  by  a  very  few  men.  Mr.  J.  P. 
Morgan  of  New  York  City  is  one  of  the  leadingfactors,  and  the 
General  Electric  Companies  is  the  great  big  institution,  with 
its  subsidiaries,  that  controls  the  situation.  I  do  not  object 
to  the  monopoly  because  the  development  of  hydroelectric  power 
economically  is  a  natural  monopoly.  The  thing  I  object  to  is 
the  refusal  on  the  part  of  those  owning  the  monopoly  to  admit 
that  there  is  a  monopoly  and  I  object  to  their  attempt  to  deceive 
the  public  as  to  the  existence  of  such  a  monopoly,  in  order  to 
defeat  legislation  having  for  its  purpose  the  control  and  regu- 
lation of  such  a  monopoly. 

Mr.  Cooper  says  in  his  article  in  The  Outlook,  that  it  is  not 
a  monopoly — he  laughs  at  the  idea,  he  scoffs  at  it —  and  yet  we 
know  it  is  a  monopoly.  Why  do  the  water  power  interests  try  to 
deceive  the  public?  What  can  be  their  purpose?  Under  such 
a  condition  of  affairs  is  it  surprising  that  members  of  Congress 
as  well  as  the  public,  look  with  suspicion  upon  any  suggestion 
coming  from  owners  of  this  monopoly.  But  as  long  as  the  water 
power  interest  suppress  the  facts  concerning  the  monopolistic 
tendencies  of  hydroelectric  development,  Congress  of  the  United 
States  cannot  be  blamed  for  its  refusal  to  be  rushed  off  its  feet 
in  the  consideration  of  water  power  legislation. 

D.  B.  Rushmore:  I  need  not  say  that  I  came  here  absolutely 
as  an  individual.  I  came  here  in  my  capacity  as  a  member  of 
the  Institute,  and  as  a  man  who  has  spent  his  life  on  water 
power  developments,  and  I  will  be  frank  with  some  of  my 
experiences.  I  have  never  lost  money  to  any  extent  in  any- 
thing else  except  water  power  development.  I  have  had  a  gen- 
tleman in  New  York  tell  me  that  he  has  had  in  one  autumn  sixty- 
six  men  who  controlled  water  powers  locally  and  also  men  from 
different  countries  come  to  him  and  ask  him  to  help  them  to 
raise  money  for  those  water  power  enterprises.     Now,  there  is 
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one  waterpower,  not  very  far  from  New  York,  in  which  the  man 
who  controlled  it  for  years  was  a  friend  of  a  friend  of  mine. 
This  friend  happened  to  call  at  our  office,  and  he  was  turned 
over  to  me.  He  had  the  right  to  a  waterpower  and  wanted  to 
raise  money  to  finance  it,  but  could  not  do  it.  He  had  been 
working  on  it  for  years  and  no  one  would  take  it  up.  I  had 
a  friend  of  mine  look  it  up  and  he  said  it  was  no  good,  that 
it  would  not  pay,  that  it  did  not  have  a  market.  The  proposi- 
tion was  finally  taken  to  Chicago  to  people  who  were  somewhat 
familiar  with  it.  I  know  they  had  a  difficult  time  raising  the 
money,  people  did  not  want  to  go  into  it,  they  said  it  did  not 
look  good  to  them.  The  only  place  they  could  go  to  raise  the 
money  was  to  bankers  familiar  with  the  project.  In  my  exper- 
ience as  an  engineer  I  have  always  seen  the  pressure  come  from 
the  other  side.  I  presume  there  are  in  New  York  every  year 
hundreds  of  men  who  control  complete  situations  trying  to  raise 
the  money  for  them.  If  you  talk  to  a  man  who  does  not  know 
anything  about  a  waterpower,  he  will  not  listen  to  you.  It 
seems  to  me  there  has  been  a  great  misconception  about  this 
matter. 

Mr.  Dunn  has  dealt  with  bankers  and  knows  the  difficulties 
of  raising  money  and  in  my  opinion  his  paper  will  add  very  much 
to  the  beneficial  result  of  our  meeting  here.  Mr.  Townley's 
discussion  can  also  be  brought  to  the  attention  of  those  who  are 
in  any  way  interested  in  this  very  broad  and  important  sub- 
ject. The  financing  of  water  powers,  as  Mr.  Townley  said, 
very  truly,  is  dependent  on  us.  Would  any  of  us  invest  our 
money  in  them.  I  know  a  couple  of  bond  brokers  who  sell  bonds 
in  the  Mohawk  Valley.  They  go  into  Amsterdam  and  offer  to 
sell  farmers  public  utility  and  water  power  bonds,  and  what 
the  farmers  pay  for  the  bonds  depends  on  the  conditions  on 
which  the  water  power  can  be  installed  and  operated.  The 
banker  goes  around  and  gathers  up  various  opinions  and  finds 
out  what  the  people  will  take  the  bonds  for. 

The  time  is  here  for  a  new  era  of  publicity.  We  are  all  afraid 
of  the  things  we  do  not  know — what  is  behind  the  doors  and 
what  is  not  brought  out  is  always  largely  open  to  suspicion. 
Take  the  public  into  your  confidence,  work  with  the  public, 
put  the  cards  right  down  on  the  table  before  the  public  and  show 
them  just  what  you  have. 

Oscar  T.  Crosby:  The  political  problems  confronting  us  in 
the  development  of  our  water  powers  are  these: 

First,  to  what  extent  shall  the  authority  of  the  general  govern- 
ment, as  distinguished  from  that  of  the  several  states,  determine 
the  location,  physical  construction  and  physical  operation  of 
water  power  plants? 

Second,  what  authority  shall  control  the  financial  operations 
of  water  power  companies,  including  in  this  phase  the  control 
of  rates? 

Third,  assuming  these  two  questions  as  settled  in  one  way  or 
another,  what  principle  should  underlie  the  control  of  rates. 
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of  financial  organization,  of  return  to  capital  and  of  possible 
acquisition  by  public  authority  of  private  property  involved 
in  water  power  developments?  Let  us  take  up  these  questions 
in  the  order  I  have  indicated. 

Navigable  streams  are  now  fully  recognized  as  being  under 
the  jurisdiction  of  the  general  government.  There  is  no  conten- 
tion as  to  the  right  of  that  government  to  determine  for  or 
against  the  placing  in  such  streams  of  any  obstructions  whatever. 
There  is  very  grave  contention  as  to  the  conditions  which  may 
be  constitutionally  attached,  or  which  in  wise  policy  should  be 
attacked,  to  a  permission  given  by  the  general  government  in 
any  particular  case.  Should  the  sole  interest  of  navigation  be 
consulted,  with  no  consideration  affecting  investment  except  that 
the  proposed  works  should  not  result  in  navigation  costs  greater 
than  those  which  otherwise  would  fall  upon  the  public? 

Should  consideration  of  flood  effects,  as  distinguished  from 
navigation  effects,  also  enter?  Should  questions  of  injury  and 
advantage  to  agricultural  lands,  through  drainage  or  irrigation 
be  considered  by  the  United  States  authorities? 

In  raising  these  questions,  we  raise  a  series  of  constitutional 
issues  which  it  would  be  long  and  hard  to  settle.  Happily, 
they  need  not  be  settled.  If  Smith  and  Jones  have  overlapping 
and  tangled  rights  in  respect  to  a  tract  of  land,  and  if  Brown 
wishes  to  use  the  land,  then,  without  waiting  for  the  law's  delay, 
the  proposed  use  of  the  land  may  be  effected  by  a  joint  grant,  or 
by  parallel  grants  from  Smith  and  Jones  to  Brown.  Let  Smith 
be  Uncle  Sam,  let  Jones  be  the  State  of  Ohio,  and  let  Brown  be 
a  water  power  company,  and  we  may  proceed  to  determine 
the  physical  questions  surrounding  any  situation  in  a  navigable 
stream.  We  may  even  go  further,  and  thus  cover  the  difficulties 
as  presented  by  the  question  as  to  what  is  sl  navigable  stream*, 
according  to  the  Constitution.  The  existing  legal  definitions  are 
such  as  would  let  almost  any  creek  into  the  dignified  con^pany 
of  streams,  which  must  recognize  in  Uncle  Sam  their  overlord. 

In  my  early  years,  as  a  young  officer  of  engineers,  I  examined 
a  **navigable  stream  (?)"  in  a  buggy.  Rubber  boots  would  have 
done  as  well,  but  fot  the  length  of  the  thing. 

However  extreme  the  case,  we  may  rest  assured  that  a  hand- 
some appropriation  will  settle  most  ''state's  rights"  doubts  as 
to  the  navigability  question.  But  if  no  appropriation  be  involved 
a  real  issue,  affecting  validity  of  permits,  remains  to  be  solved. 
Co-operation  of  Smith  and  Jones  is  the  true,  practical  solution 
of  this,  and  of  the  other  doubtful  points  concerning  floods, 
drainage,  etc. 

But  the  United  States  appears  in  quite  a  different  role  than 
that  of  overlord  and  largess-giver,  when  we  regard  the  public 
domain  in  our  Western  States.  Are  we  dealing  here  with  a 
sovereign,  or  with  a  mere  landlord-proprietor,  subject  to  the 
laws  of  the  local  sovereign — the  state?  In  my  judgment,  that 
is  the  true  view  of  the  case.    But  it  is  a  much  contested  point. 
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As  a  citizen  of  the  United  States,  concerned  that  all  states, 
east  and  west,  should  be  in  the  same  relation  to  lands  within 
their  bounds,  I  should  be  loath  to  see  any  assumption  of  an 
imperium  in  imperio,  by  the  general  government,  because  it  holds 
as  trustee  certain  lands  in  certain  Western  States.  As  one 
easterner,  I  want  to  register  my  cession  of  title  in  these  lands  to 
the  people  of  the  states  within  which  they  live.  But  if  this 
battle  cannot  be  won,  then  it  may  at  least  be  compromised  by 
the  same  principle  of  co-operation  in  grants  that  has  just  been 
proposed  in  the  case  of  navigable  streams.  But  this  compro- 
mise should  go  no  further  than  is  required  for  determining  the 
physical  elements, — the  construction  elements — of  each  case. 

When  we  meet  the  matter  of  financial  control  in  all  its  aspects, 
I  am  firmly  convinced  that  the  states  alone  should  determine. 
Even  if  the  courts  should  decide  that  the  general  government 
has  a  right  to  enter  this  field,  yet  would  I  contend  that  as  a  matter 
of  policy  it  should  not  enter  it. 

There  are  good  men  in  the  Washington  btireaucracy,  but  there 
are  few  efficient  bureaucracies  in  all  the  world.  Can  men^  be 
established  in  this  city  to  administer  wisely  through  subordinates 
the  distant  affairs  of  a  Califomian  hydroelectric  company? 
Will  it  be  a  bearable  btirden  if  an  operator  in  Oregon  must 
commtmicate  with  Washington  in  all  those  intimate  ways  which 
have  been  made  familiar  to  us  by  the  Public  Utility  Commissions 
of  our  states?  Is  the  burden  not  now  heavy  enough  when  re- 
course must  be  had  in  so  many  matters  to  boards  sitting  in  state 
capitols?  And  shall  we  have  in  the  same  state  one  control  for 
steam  plant  generation,  and  another  for  water  generation  of 
electricity?    What  confusion!    What  discouragement! 

Let  us  hope  that  this  madness  of  centralization  of  control 
in  Washington  will  pass. 

Let  us  now  consider  the  principles  of  control,  without  respect 
to  the  question  as  to  which  of  our  dual  sovereignties  is  to  exercise 
that  control. 

Men  invest  money  in  public  utilities,  not  in  order  to  charge 
particular  rates  for  service,  but  in  an  effort  to  earn  a  return  on 
the  capital  invested.  That  is  the  objective.  A  just  and  reason- 
able rate  is  a  rate  that  will  cause  money  and  energy  to  flow  into 
the  enterprise  which  performs  a  given  service,  whether  that 
service  be  the  sale  of  electric  energy  or  the  sale  of  bread  or  shoes. 

Then  since  it  is  right  that  there  should  be  control  of  monopolies 
and  since  public  utilities  are  necessarily  monopolies  (in  the  long 
run  and  in  respect  to  at  least  some  part  of  their  clientele) ,  let  this 
control  express  itself  in  contracts  relating  in  plain  terms  and 
in  specific  figures  the  return  on  capital.  Rates  may  then  be  left 
to  those  who  conduct  the  operations,  subject,  of  course,  to  the 
usual  common  law  rule  againsl  discriminatory  practises. 

These  contracts  as  to  return  on  capital  may  vary  very  widely 
from  case  to  case;  they  should  generally  be  on  a  sliding  scale 
basis,  providing  lower  returns  in  proportion  to  assured  success, 
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but  they  should  be  specific  and  clear.  Let  us  get  away  from 
the  unreasonable  "rule  of  reasonableness" — ^misrule  of  un- 
reasonableness— ^which  now  leaves  rates  and  returns  almost 
wholly  to  the  guess  of  commissioners.  Most  of  them  are  good 
men,  but  good  men  are  not  always  wise  men,  and  even  wise 
men  should  not  be  left  to  decide  vast  property  interests  without 
guiding  principles  which  put  all  parties  on  notice  as  to  their 
rights.  Let  us  recognize  that  the  inventor  has  destroyed  the 
old  common  law  rule  of  reasonableness,  which  was  the  rule  of 
custom.  Now  the  ferment  of  invention  has,  for  nearly  a  hundred 
years,  prevented  custom  from  taking  a  "permanent  set,"  and 
this  ferment  is  destined  to  continue.  Customary  rates  will 
not  be  established.  Contract  rates  may  be  fixed  to  a  limited 
extent,  chiefly  as  maxima.  But  there  is  no  difficulty  infixing 
returns  to  capital  on  a  sliding  scale  in  each  contract  for  a  public 
service. 

And  as  to  the  final  chapter,  the  possible  taking  over  of  a 
property  by  the  public,  we  hear  far  too  much  about  it.  The  old 
law  of  eminent  domain  seems  to  be  forgotten.  No  * 'perpetual 
franchise*'  can  hold  against  the  right  of  the  government  to  take 
an3rthing  it  wants.  No  fixed  term  franchise  can  hold  against 
that  right.  A  grant  of  today  may  be  taken  tomorrow.  But 
private  property  must  be  paid  for  if  thus  taken.  Now,  the  terms 
of  payment  may  be  fixed  far  in  advance,  or  may  be  left  to  a  jury 
at  any  time.  If  we  had  contracts  fixing  possible  (not  guaranteed) 
returns  on  capital,  those  contracts  interpreted  in  the  light  of 
actual  results  obtained  by  operation,  and  with  known  investment 
figures,  would  render  relatively  simple  the  now  fearsome  task 
of  fixing  a  condemnation  value. 

I  append  a  copy  of  the  bill  proposed  by  me  some  years  ago 
to  cover  the  matter  of  permits  for  water-power  construction. 

(See  proposed  bill  referred  to  by  Mr.  Crosby  in  hearing  before 
National  Waterways  Commission,  Washington,  November,  1911, 
pages  136  and  137.) 

Gano  Dunn:  I  want  to  do  service  to  a  friend  and  to  say  to 
the  Honorable  Congressman  that  he  understood  Mr.  Baekeland 
exactly  the  reverse  of  what  Mr.  Baekeland  meant  about  Congress. 
Mr.  Baekeland's  experience  has  been  the  same  as  that  of  all  the 
rest  of  us  when  we  came  down  here — we  have  been  received 
very  courteously  and  listened  to  with  such  attention  that  we 
have  been  made  to  feel  that  every  member  of  Congress  or  the  com- 
mittee we  have  gone  before  has  been  extremely  desirous  of 
drawing  out  all  the  facts.  This  has  caused  us  to  revise  some  of 
our  former  false  opinions  to  the  contrary. 

I  would  like  to  read  to  the  Congressmen  and  others  who  may 
be  interested,  the  official  policy  of  the  American  Institute  of 
Electrical  Engineers  in  regard  to  these  matters,  especially  in 
view  of  his  suggestion  that  we  develop  and  bring  out  a  bill  for 
specific  suggestions  as  to  how  water-powers  should  be  handled: 
"The  governing  body  of  the  Institute  has  continued  its  special 
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committee  (on  water  power)  in  consequence  of  these  successive 
invitations  in  view  of  the  apparent  appreciation  on  the  part  of 
the  government  that  the  services  rendered  by  the  American 
Institute  of  Electrical  Engineers  were  scientific  and  professional 
and  not  commercial  or  political,  that  its  committees  dealt  with 
fundamental  engineering  and  economic  principles  of  hydro- 
electric development  that  were  outside  the  field  of  controversy, 
and  that  the  function  of  the  Institute  being  scientific  and  pro- 
fessional and  not  commercial  or  political,  its  status  was  one 
involving  a  high  degree  of  disinterestedness  in  respect  to  matters 
on  which  its  technical  advice  was  sought." 

Mr.  Baekeland  referred  to  an  address  which  I  had  the  honor 
of  making  before  the  Washington  Society  of  Engineers  some 
time  ago,  in  which  he  mistakenly  reported  me  as  saying  that 
engineers  ought  never  to  mix  in  politics  and  other  things.  What 
I  said  was  that  in  the  appointment  of  the  Naval  Advisory  Board, 
I  believed  for  the  first  time  in  history  the  engineer,  as  such, 
had  been  invited  to  sit  on  the  bench  of  Government  with  the 
statesman  and  co-operate  with  and  help  him;  but  I  also  said 
that  the  engineer  should  never  go  so  far  as  to  think  that  he  can 
take  the  place  of  the  statesman.  The  function  is  different  and 
requires  a  different  kind  of  man.  The  engineer  is  not  big  enough 
to  do  both  things,  and  if  we  appointed  an  engineer  as  Secretary 
of  State,  our  diplomacy  would  be  likely  to  suffer.  Therefore, 
I  feel  that  we  should  stay  in  our  own  province  as  technical 
experts,  and  advise  about  the  things  we  know,  we  should  go 
before  the  various  committees  of  Congress  and  answer  inquiries 
about  these  things,  but  it  is  to  them  we  should  leave  the  other 
questions  of  what  bills  should  be  drawn  and  what  kind  of  political 
bodies  should  be  created  to  do  the  regulating  and  administering 
of  the  affairs  of  the  government  generally.  Something  toward 
this  aim  is  what  we  hoped  to  accomplish  in  organizing  thismeeting 
here  for  the  discussion  of  water-powers. 
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THE  RELATION  OF  PURE  SCIENCE  TO  INDUSTRIAL 

RESEARCH 


President's  Address 
by  j.  j.  carty 


It  is  not  strange  that  many  years  ago  Huxley,  with  his  remark- 
^able  precision  of  thought  and  his  admirable  command  of 
language,  should  have  indicated  his  dissatisfaction  with  the 
terms  "pure  science*'  and  "applied  science",  pointing  out  at 
the  same  time  that  what  people  call  "applied  science"  is  nothing 
but  the  application  of  pure  science  to  particular  classes  of  prob- 
lems. The  terms  are  still  employed,  possibly  because,  after  all, 
they  may  be  the  best  ones  to  use,  or  perhaps  our  ideas,  to  which 
these  expressions  are  supposed  to  conform,  have  not  yet  become 
sufficiently  definite  to  have  called  forth  the  right  words. 

It  is  not  the  purpose  of  this  address,  however,  to  suggest 
better  words  or  expressions,  but  rather  to  direct  attention  to 
certain  important  relations  between  purely  scientific  research  and 
industrial  scientific  research  which  are  not  yet  sufficiently  under- 
stood. 

Because  of  the  stupendous  upheaval  of  the  European  war 
with  its  startling  agencies  of  destruction — the  product  of  both 
science  and  the  industries — and  because  of  the  deplorable  unpre- 
paredness  of  our  own  country  to  defend  itself  against  attack, 
there  has  begun  a  great  awakening  of  our  people.  By  bringing 
to  their  minds  the  brilliant  achievements  of  the  membership 
of  this  Institute  in  electric  lighting  and  power  and  communica- 
tions and  by  calling  their  attention  to  the  manifold  achieve- 
ments of  the  members  of  our  sister  societies  in  mechanical  and 
mining  and  civil  engineering,  and  the  accomplishments  of  our 
fellow-workers,  the  industrial  chemists,  they  are  being  aroused 
to  the  vital  importance  of  the  products  of  science  in  the  national 
defense. 

Arising  out  of  this  agitation  comes  a  growing  appreciation 
of  the  importance  of  .industrial  scientific  research,  not  only  as  an 
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aid  to  military  defense  but  as  an  essential  part  of  every  industry 
in  time  of  peace. 

Industrial  research,  conducted  in  accordance  with  the  prin- 
ciples of  science,  is  no  new  thing  in  America.  The  department 
which  is  under  my  charge,  founded  nearly  forty  years  ago  to 
develop,  with  the  aid  of  scientific  men,  the  telephone  art,  has 
grown  from  small  beginnings  with  but  a  few  workers  to  a  great 
institution  employing  hundreds  of  scientists  and  engineers,  and 
it  is  generally  acknowledged  that  it  is  largely  owing  to  the  indus- 
trial research  thus  conducted  that  the  telephone  achievements 
and  development  in  America  have  so  greatly  exceeded  those  of 
other  countries. 

With  the  development  of  electric  lighting  and  electric  power 
and  electric  traction  which  came  after  the  invention  of  the  tele- 
phone, industrial  scientific  research  laboratories  were  founded 
by  some  of  the  larger  electrical  manufacturing  concerns  and  these 
have  attained  a  world-wide  reputation.  While  vast  sums  are 
spent  annually  upon  industrial  research  in  these  laboratories, 
I  can  say  with  authority  that  they  return  to  the  industries 
each  year  improvements  in  the  art  which,  taken  all  together, 
have  a  value  many  times  greater  than  the  total  cost  of  their 
production.  Money  expended  in  properly  directed  industrial 
research,  conducted  on  scientific  principles,  is  sure  to  bring  to 
the  industries  a  most  generous  return. 

While  many  concerns  in  America  now  have  well  organized 
industrial  research  laboratories,  particularly  those  engaged  in 
metallurgy  and  dependent  upon  chemical  processes,  the  manu- 
facturers of  our  country  as  a  whole  have  not  yet  learned  of  the 
benefits  of  industrial  scientific  research  and  how  to  avail  them- 
selves of  it. 

I  consider  that  it  is  the  high  duty  of  our  Institute  and  of  every 
member  composing  it,  and  that  a  similar  duty  rests  upon  all 
other  engineering  and  scientific  bodies  in  America,  to  impress 
upon  the  manufacturers  of  the  United  States  the  wonderful 
possibilities  of  economies  in  their  processes  and  improvements  in 
their  products  which  are  opened  up  by  the  discoveries  in  science. 
The  way  to  realize  these  possibilities  is  through  the  medium  of 
industrial  research  conducted  in  accordance  with  scientific 
principles.  Once  it  is  made  clear  to  our  manufacturers  that 
industrial  research  pays,  they  will  be  sure  to  call  to  their  aid 
men  of  scientific  training  to  investigate  their  technical  problems 
and  to  improve  their  processes.    Those  who  are  the  first  to  avail 
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themselves  of  the  benefits  of  industrial  research  will  obtain 
such  a  lead  over  their  competitors  that  we  may  look  forward  to 
the  time  when  the  advantages  of  industrial  research  will  be  recog- 
nized by  all. 

Industrial  scientific  research  departments  can  reach  their 
highest  development  in  those  concerns  doing  the  largest  amount 
of  business.  While  instances  are  not  wanting  where  the  large 
growth  of  the  institution  is  the  direct  result  of  the  care  which 
it  bestowed  upon  industrial  research  at  a  time  when  it  was  but 
a  small  concern,  nevertheless  conditions  to-day  are  such  that 
without  cooperation  among  themselves  the  small  concerns  can- 
not have  the  full  benefits  of  industrial  research,  for  no  one  among 
them  is  sufficiently  strong  to  maintain  the  necessary  staff  and 
laboratories.  Once  the  vital  importance  of  this  subject  is  appre- 
ciated by  the  small  manufacturers  many  solutions  of  the  problem 
will  promptly  appear.  One  of  these  is  for  the  manufacturer 
to  take  his  problem  to  one  of  the  industrial  research  laboratories 
already  established  for  the  purpose  of  serving  those  who  cannot 
afford  a  laboratory  of  their  own.  Other  manufacturers  doing 
the  same,  the  financial  encouragement  received  would  enable  the 
laboratories  to  extend  and  improve  their  facilities  so  that  each 
of  the  small  manufacturers  who  patronizes  them  would  in 
course  of  time  have  the  benefit  of  an  institution  similar  to  those 
maintained  by  our  largest  industrial  concerns. 

Thus,  in  accordance  with  the  law  of  supply  and  demand, 
the  small  manufacturer  may  obtain  the  benefits  of  industrial  re- 
search in  the  highest  degree  and  the  burden  upon  each  manu- 
facturer would  be  only  in  accordance  with  the  use  he  made  of  it, 
and  the  entire  cost  of  the  laboratories  would  thus  be  borne  by 
the  industries  as  a  whole,  where  the  charge  properly  belongs. 
Many  other  projects  are  now  being  considered  for  the  establish- 
ment of  industrial  research  laboratories  for  those  concerns  which 
cannot  afford  laboratories  of  their  own,  and  in  some  of  these 
cases  the  possible  relation  of  these  laboratories  to  our  technical 
and  engineering  schools  is  being  earnestly  studied. 

Until  the  manufacturers  themselves  are  aroused  to  the  neces- 
sity of  action  in  the  matter  of  industrial  research  there  is  no 
plan  which  can  be  devised  that  will  result  in  the  general  establish- 
ment of  research  laboratories  for  the  industries.  But  once 
their  need  is  felt  and  their  value  appreciated  and  the  demand 
for  research  facilities  is  put  forth  by  the  manufacturers  them- 
selves, research  laboratories  will  spring  up  in  all  our  great 
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centers  of  industrial  activity.  Their  number  and  character  and 
size,  and  their  method  of  operation  and  their  relation  to  the 
technical  and  engineering  schools,  and  the  method  of  their  work- 
ing with  the  different  industries,  are  all  matters  which  involve 
many  interesting  problems — problems  which  I  am  sure  will  be 
solved  as  they  present  themselves  and  when  their  nature  has 
been  clearly  apprehended. 

In  the  present  state  of  the  world's  development  there  is  nothing 
which  can  do  more  to  advance  American  industries  than  the 
adoption  by  our  manufacturers  generally  of  industrial  research 
conducted  on  scientific  principles.  I  am  sure  that  if  they  can 
be  made  to  appreciate  the  force  of  this  statement,  our  manufac- 
turers will  rise  to  the  occasion  with  all  that  energy  and  enter- 
prise so  characteristic  of  America. 

So  much  has  already  been  said  and  so  much  remains  to  be 
said  urging  upon  us  the  importance  of  scientific  research  con- 
ducted for  the  sake  of  utility  and  for  increasing  the  convenience 
and  comfort  of  mankind,  that  there  is  danger  of  losing  sight 
of  another  form  of  research  which  has  for  its  primary  object 
none  of  these  things.    I  refer  to  pure  scientific  research. 

In  the  minds  of  many  there  is  confusion  between  industrial 
scientific  research  and  this  purely  scientific  research,  particularly 
as  the  industrial  research  involves  the  use  of  advanced  scientific 
methods  and  calls  for  the  highest  degree  of  scientific  attainment. 
The  confusion  is  worse  because  the  same  scientific  principles  and 
methods  of  investigation  are  frequently  employed  in  each  case 
and  even  the  subject  matter  under  investigation  may  sometimes 
be  identical. 

The  misunderstanding  arises  from  considering  only- the  sub- 
ject matter  of  the  two  classes  of  research.  The  distinction  is 
to  be  found  not  in  the  subject  matter  of  the  research,  but  in  the 
motive. 

The  electrical  engineer,  let  us  say,  finding  a  new  and  unex- 
plained difficulty  in  the  working  of  electric  lamps,  subjects  the 
phenomenon  observed  to  a  process  of  inquiry  employing  scientific 
methods,  with  a  view  to  removing  from  the  lamps  an  objection- 
able characteristic.  The  pure  scientist  at  the  same  time  investi- 
gates in  precisely  the  same  manner  the  same  phenomenon,  but 
with  the  purpose  of  obtaining  an  explanation  of  a  physical 
occurence,  the  nature  of  which  cannot  be  explained  by  known 
facts.  Although  these  two  researches  are  conducted  in  exactly 
the  same  manner,  the  one  nevertheless  comes  under  the  head  of 
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the  Chilean  nitrates  from  the  pampas  where  are  the  mines  and 
reduction  mills  to  the  American  market,  has  been  abnormally 
high.  None  of  the  reasons  for  this  fact  are  fundamental;  they 
are  all  more  or  less  the  result  of  monopoly  or  of  limited  facilities 
and  the  cost  is  consequently  subject  to  future  reduction  should 
the  transportation  agencies  be  improved  or  competition  become 
severe. 

The  very  live  possibility  that  our  country  may  become  in- 
volved in  war  and  the  pres.sing  need  of  providing  for  such  a 
contingency  should  not  blind  us  to  the  fact  that  we  have  lived 
many  years  at  peace  with  the  world  and  are  likely  to  so  continue 
— therefore  no  plan  for  producing  nitrogen  will  be  economically 
sound  which  is  not  commercially  practicable  under  peace  con- 
ditions. While  the  quantity  of  nitrate  in  Chile  has  been  seriously 
depleted  it  is  still  sufficient  to  supply  the  world  for  years  to  come 
and  its  early  exhaustion  can  therefore  by  no  means  be  counted 
upon.  This  means  that  any  cost  for  power  which  we  may  now 
estimate  to  be  low  enough  to  permit  the  artificial  fixation  of 
nitrogen  in  competition  with  the  natural  salts,  may  have  to 
be  radically  revised  downward  later  on.  That  furnishes  another 
reason  why  we  must  make  every  possible  effort  to  cut  down  our 
power  costs.  On  the  other  hand,  of  course  all  of  the  processes 
for  the  fixation  of  nitrogen  as  now  known  are  relatively  new  and 
susceptible  of  much  improvement.  I  understand  that  not  more 
than  15  or  20  per  cent  of  the  electrical  energy  required  by  the 
arc  process  is  actually  used  in  the  fixation  of  nitrogen.  Perhaps 
some  of  my  chemical  friends  will  correct  me  if  I  am  wrong. 

L.  H.  Baekeland:    It  is  2.5  per  cent. 

Calvert  Townley:  Well,  it  is  worse  than  I  thought  it  was. 
That  being  the  case,  is  it  not  fair  to  assume  that  with  the  bril- 
liant minds  which  are  at  work  on  this  problem  a  great  improve- 
ment is  likely  to  result?  May  we  not  hope  that  the  processes 
will  be  so  improved  that  the  industry  can  prosper  with  very 
much  greater  power  costs?  A  process  with  an  efficiency  of 
2.  5  per  cent  which  could  live  and  pay  $7.50  per  h.p.  per  year  could 
presumably  do  quite  as  well  with  a  S22.50  h.p.  if  the  efficiency 
could  be  raised  to  7.5  per  cent.  One  way  to  have  the  processes 
improved  is  to  get  people  into  the  business.  We  all  know  that 
there  is  no  teacher  like  experience,  that  necessity  is  the  mother 
of  invention,  and  that  if  we  can  get  not  one,  but  a  dozen,  or 
fifteen,  or  twenty,  or  even  a  hundred  corporations  interested 
and  competing  with  the  hope  of  ultimate  profit,  such  competition 
will  bring  out  the  best  efforts  of  the  brightest  minds.  The  result 
will  be  that  in  this  industry,  as  it  has  been  in  every  other  industry 
with  which  electricity  has  been  connected,  the  efficiency  will 
rise  and  costs  will  go  down,  making  it  possible  to  use  power  at 
a  cost  which  now  is  entirely  out  of  the  question. 

Those  are  to  my  mind  important  reasons  why  we  should  set 
ourselves  earnestly  to  the  task  of  getting  this  industry  on  a  basis 
where  it  can  go  ahead. 


468  WATER  POWER  DEVELOPMENT  [April  26 

One  thing  very  clearly  shown  in  Mr.  Dunn's  paper,  is  hew 
large  a  part  the  cost  of  capital  plays  in  a  hydroelectric  entei 
'  prise.  No  engineer  could  fulfill  his  obligation  to  his  client  with- 
out considering  the  question  of  the  security  of  any  investment. 
Technical  matters  can  occupy  but  an  insignificant  and  minor 
position  if  there  is  a  risk  that  the  entire  sum  put  into  an  enter- 
prise, or  any  part  of  it,  may  be  forfeited. 

Capital  conveys  to  many  minds  quite  an  erroneous  notion. 
We  are  apt  to  think  of  it  as  something  entirely  separate  and 
apart  from  ourselves.  We  think  of  a  banker  as  a  man  who 
himself  puts  his  own  money  into  enterprises.  Now  that  assump- 
tion is  fundamentally  wrong.  Investors  are  not  the  bankers, 
they  are  the  men  in  this  room.  They  are  all  of  us,  and  our 
friends.  To  be  sure  we  do  not  individually  build  water  or  steam 
power  plants  for  the  very  obvious  reason  that  such  enterprises 
require  large  sums  of  money  and  there  must  be  some  one  who 
will  undertake  to  find  out  whether  or  not  an  enterprise  is  right 
and  sound  and  then  get  the  necessary  funds  together  for  the 
undertaking.  That  is  just  what  the  banker  does.  He  is  a  sort 
of  Captain  of  Money.  He  scrutinizes  an  enterprise  and  agrees  to 
or  refuses  to  back  it,  not  because  hehimself  likes  it,  or  because  he 
does  not  like  it  but  because  he  knows  the  sort  of  investments 
which  his  clients,  you  and  I  and  our  friends,  are  likely  to  put 
money  into. 

Some  one  said  something  here  this  afternoon  rather  critically 
about  the  lack  of  patriotism  in  capital.  Now,  capital  is  a  com- 
modity just  like  grain,  or  cattle  or  clothing.  It  can  be  obtained 
for  a  price  and  it  goes  where  it  can  find  the  best  market.  Not 
one  of  us  would  stand  silent,  accused  of  lack  of  patriotism,  but 
who  is  there  here  who  would  put  his  own  savings  into  an  un- 
profitable or  an  unsafe  enterprise  to  help  develop  water  powers 
in  the  west  when  he  might  invest  it  profitably  somewhere  else? 
To  rail  at  the  man  with  money  because  he  will  not  let  us  have 
it  at  a  lower  rate  than  he  can  get  elsewhere  is  just  as  unreason- 
able as  to  demand  that  our  grocer  sell  us  eggs  at  30  cents  per 
dozen  when  he  can  get  40  cents  from  every  one  else  in  the  neigh- 
borhood. 

As  Mr.  Dunn  remarked,  capital  is  an  international  fluid. 
It  flows  into  channels  of  least  resistance.  The  price  of  capital 
is  affected  by  the  same  laws  of  supply  and  demand  that  govern 
the  prices  of  every  other  commodity.  If  it  is  higher  in  this 
country  than  in  some  other  country  for  any  individual  class  of 
enter] )rises  it  is  because  that  class  of  enterprises  lacks  some 
feature  of  fundamental  value.  In  Mr.  Dunn's  comparison  of 
the  o{)erating  costs  of  typical  steam  and  water  plants  the  capital 
rental  for  steam  is  19  per  cent  as  against  77.4  per  cent  for  water. 
If  by  creating  public  confidence  in  the  stability  of  investment 
and  otherwise  making  these  projects  financially  attractive  the 
rate  could  be  reduced  say  from  7  per  cent  to  5  per  cent  the  annual 
cost  of  a  steam  unit  of  power  would  come  down  5.4  per  cent  and 
that  of  the  water  unit  22  per  cent. 
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One  thing  capital  looks  for  is  earning  capacity,  and  another 
thing  is  stability.  Nearly  all  enterprises  can  get  capital  at  some 
price  because  there  is  an  abundance  of  it ;  but  when  any  project 
lacks  certainty  of  ample  earning  power  on  the  one  hand  or  stabil- 
ity on  the  other,  that  fact  will  be  reflected  at  once  in  the  price 
of  capital  which  will  demand  a  higher  return. 

One  thing  America  can  do  to  reduce  the  rent  of  the  capital 
which  water  powers  need,  is  to  remove  all  the  unnecessary 
handicaps  with  which  it  is  now  loaded  One  of  these  is  the  lack 
of  stability.  Warned  by  the  losses  suffered  in  the  past  by  many 
water  power  investors,  cautious  people  now  hesitate  to  incur 
similar  risks;  consequently,  the  source  of  capital  supply  is 
restricted  to  that  extent  and  a  higher  rental  prevails.  If  we 
can  eliminate  this  disability  capital  rental  will  fall  and  the  devel- 
opment of  the  water  powers  throughout  the  entire  length  and 
breadth  of  the  land  will  be  stimulated. 

One  speaker  referred  to  the  lower  price  of  money  abroad 
He  mentioned  the  paternalism  of  Germany  in  handling  their 
railroads  and  other  enterj)rises,  and  by  inference  at  least  drew 
a  comparison  unfavorable  to  American  bankers  and  their  sup- 
•  posed  unreasonable  demands.  As  far  as  my  information  goes 
there  is  no  more  ruthless  financier  than  this  same  German  banker. 
He  is  certainly  no  more  keen  to  lend  his  money  to  an  unprofitable 
enterprise,  or  at  a  lower  rate  of  interest,  on  account  of  patriotism, 
than  the  American  or  English  or  any  other  banker.  During 
my  tour  in  South  America,  I  learned  about  some  methods  of 
the  German  bankers  doing  business  in  those  countries.  I  found 
that  they  exacted  rates  of  interest  which  even  the  most  rapacious 
American  banker  would  not  think  of  asking  at  home.  They  did 
it  for  just  one  reason,  local  conditions  justified  the  rate  and  they 
charged  the  market  price  for  their  money.  They  could  get  it 
and  they  are  going  to  continue  to  get  it.  You  can  rest  assured 
that  when  a  foreign  banker  lends  his  money  to  hydroelectric 
enterprises  in  his  country  at  lower  rates  of  interest  than  the 
American  banker  does  in  the  United  States,  it  is  because  the 
foreign  investment  is  more  secure,  because  experience  shows 
that  the  foreign  government  is  going  to  protect  that  investment 
and  the  risk  of  loss  is  correspondingly  reduced. 

This  afternoon  Mr.  Stott  spoke  about  the  low  cost  of  ])ower 
from  steam  and  the  increasing  severity  of  the  cost  competition 
with  which  water  powers  had  to  contend.  The  more  I  study 
water  powers  the  greater  resy^ect  I  have  for  steam  and  if  water 
power  is  to  prevail  at  all,  we  must  do  our  utmost  to  bring  its 
cost  down  to  the  lowest  possible  limit.  If  steam  can  get  down 
lower,  steam  will  be  used  and  water  power  will  not  be  developed^ 
But  every  time  the  cost  of  water  power  comes  down  a  little 
bit  its  use  is  broadened  and  a  certain  number  of  water  powers 
which  otherwise  could  not  be  commercially  developed  are  worthy 
of  consideration. 

That  is  the  task  to  which  I  think  we  should  address  ourselves. 
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The  erroneous  and  misleading  impression  that  has  so  long  pre- 
vailed in  the  minds  of  many  people  throughout  the  land  who 
have  not  studied  the  problem  carefully  and  which  has  been  re- 
flected in  the  views  of  our  Congressmen,  that  water  powers  are 
very  cheap  and  enormously  profitable,  is  being  gradually  dis- 
sipated and  the  facts  are  'becoming  known.  Congress  needs 
only  to  learn  the  facts  to  act  upon  them  in  an  effective  and  patri- 
otic way  with  the  same  singleness  of  purpose  with  which  we 
would  apply  ourselves  to  an  enterprise  for  a  client.  But  the 
feeling  that  water  power  development  is  abnormally  profitable 
to  the  promoter  is  deep  rooted  and  of  long  standing.  It  still 
prevails  in  many  quarters.  Some  Congressmen  believe  that 
the  interests  of  the  public  are  in  some  way  different  from  or 
antagonistic  to  those  of  the  investor  and  that  it  is  their  duty  to 
safeguard  the  people's  cause  by  driving  a  bargain,  so  to  speak, 
with  capital  and  by  trying  to  see  how  little  they  can  do  to  induce 
investors  to  put  their  money  into  hydroelectric  enterprises. 
It  would  be  unfortunate  if  the  government  which  is  seeking  to 
have  its  resources  developed  by  private  enterprise  without  con- 
tributing its  credit  or  assuming  any  risks  whatever  should  adopt 
a  policy  which  will  just  not  accomplish  the  desired  result  by 
reason  of  over  zeal  in  attempting  to  drive  a  bargain  with  the 
investor  who  is  in  no  way  whatever  obligated  to  supply  funds 
for  such  enterprises. 

George  R.  Smith:  Since  going  to  Congress  I  have  given  this 
subject  consideration  from  the  view  point  of  the  public  as  well 
as  the  investor.  I  take  it,  from  what  I  have  heard  tonight,  we 
do  not  all  look  at  it  from  the  view  ]3oint  of  the  capitalist,  the 
man  who  invests  his  money.  Now,  I  agree  with  you  that  there 
should  be  certainty  of  tenure,  and  there  should  be  certainty 
of  a  reasonable  return  on  the  investment.  I  would  say,  in  view 
of  what  little  I  have  done  in  the  way  of  helping  along  legislation 
that  if  the  members  of  this  Institute  are  ashamed  of  the  sort 
of  legislation  which  is  before  Congress  for  its  consideration,  as 
is  indicated  by  statements  made,  that  they  have  another  guess 
coming,  that  there  is  nothing  quite  so  bad  as  some  of  the  remarks 
would  indicate. 

Ever  since  the  veto  of  the  James  River  Bill  we  have  been 
trying  to  get  legislation  through  Congress  that  would  protect 
the  public  and  at  the  same  time  protect  the  investor,  and  up  to 
the  present  time  wc  are  just  as  far  away  from  that  as  we  were 
when  we  started.  I  think  that  the  Shields  Bill  is  no  better, 
possibly  no  worse  than  previous  bills  that  have  been  introduced 
on  the  subject. 

I  want  to  leave  this  thought  with  you.  Mr.  Dunn  put  his 
finger  on  the  sore  s])ot  when  he  said  that  public  utilities  could  be 
regulated  by  commissions, — but  he  failed  to  say  what  kind  of 
commissions.  Mr.  Hugh  L.  Coo])er  appeared  a  little  over  a 
year  ago  before  a  committee  of  the  House  of  Representatives, 
having  under  consideration  the  Adamson  Water  Power  Bill, 
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which  is  similar  to  the  Shields  Bill  and  stated  that  he  was  afraid 
of  state  legislators  and  state  legislatures  because  he  had  seen 
so  many  awful  things  committed  by  them  but  had  absolute 
confidence  in  members  of  Congress  and,  therefore,  was  in  favor 
of  Congress  enacting  a  law  that  would  authorize  the  Secretary 
of  War  to  regulate  the  price  and  service  of  hydroelectric  energy. 

A  few  weeks  ago  in  an  article  in  the  Outlook,  when  the  Shields 
Bill  was  under  consideration  in  the  Senate,  Mr.  Cooper  said 
that  public  utility  commissions  created  by  state  legislatures  will 
afford  all  the  protection  that  is  necessary  for  the  public  and 
favored  state  regulation  of  hydroelectric  companies.  I  wish 
Mr.  Cooper  could  understand  when  he  appears  before  Congress 
at  a  time  when  we  are  seriously  considering  a  piece  of  legislation 
which  is  so  necessary  as  a  thoroughgoing  water  power  bill  and 
makes  a  statement  along  one  line  and  then  in  a  short  time  after- 
wards makes  a  statement  in  the  press  diametrically  opposed  to 
the  one  he  made  before  Congress,  that  he  cannot  be  expected 
to  be  taken  seriously.  We  understand  that  Mr.  Cooper  has 
shifted  his  position,  but  we  are  not  quite  so  clear  as  to  his  motive. 

There  is  a  great  deal  of  suspicion  abroad  concerning  the  motives 
of  representatives  of  capital  who  are  advocating  water  power 
legislation;  some  of  it  is  unfounded  and  some  of  it  has  a  good 
foundation,  a  very  good  foundation.  Now,  going  back  to  the 
matter  that  I  wish  to  call  your  attention  to,  I  will  say  that 
you  have  got  to  permit  hydroelectric  plants  to  combine  in  order 
to  operate  them  economically.  Every  man  who  knows  anything 
about  the  subject  at  all,  knows  that  that  is  one  of  the  funda- 
mental principles  of  economy  in  dealing  with  hydroelectric 
plants.  In  some  cases  a  number  of  these  plants  have  com- 
bined, a  very  considerable  number,  and  the  moment  plants  located 
in  different  states  are  combined,  state  utility  commissions 
cannot  regulate  them  because  the  current  becomes  interstate. 

In  Minnesota  we  arc  about  to  receive  power  from  Wisconsin 
where  there  is  a  large  power  plant  supplying  power  to  various 
projects.  At  the  present  time,  Minneapolis,  gets  its  current  from 
Taylor  Falls  on  the  state  boundary  line  between  Minnesota  and 
Wisconsin.  How  can  a  Minnesota  Commission  regulate  current 
generated  in  Wisconsin  and  brought  into  our  state?  How  can 
it  tell  what  is  a  fair  rate  under  that  situation?  How  can  it 
inspect  the  books  of  a  plant  located  in  Wisconsin,  which  sells 
power  to  the  Consumers'  Power  Coni])any  located  in  Minnesota? 
The  Minnesota  Commission  has  jurisdiction  as  to  how  much 
the  Consumers'  Power  Company,  which  is  nothing  more  or  less 
than  a  distributing  com])any,  pays  for  its  current  but  it  has  no 
way  of  determining  whether  the  price  ])aid  by  the  Consumer's 
Power  Company  to  the  Wisconsin  comj^any  is  a  fair  and  reason- 
able charge,  and,  therefore,  is  unable  to  determine  what  would 
beafair  and  just  rate  to  patrons  of  the  Consumers'  Power  Com- 
pany. 

Nothing  short  of  a  Federal  Commission  authorized  to  work  in 
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While  it  cannot  be  shown  that  the  contribution  of  any  one  manu- 
facttirer  or  corporation  to  a  particular  purely  scientific  research 
will  bring  any  return  to  the  contributor  or  to  others,  it  is  certain 
that  contributions  by  the  manufacturers  in  general  and  by  the 
industrial  corporations  to  pure  scientific  research  as  a  whole 
will  in  the  long  run  bring  manifold  returns  through  the  meditun  of 
industrial  research  conducted  in  the  rich  and  virgin  territory 
discovered  by  the  scientific  explorer. 

It  was  Michael  Faraday,  one  of  the  greatest  of  the  workers 
in  pure  science,  who  in  the  last  century  discovered  the  principle 
of  the  dynamo  electric  machine.  Without  a  knowledge  of  this 
principle  discovered  by  Faraday  the  whole  art  of  electrical 
engineering  as  we  know  it  to-day  could  not  exist  an3  civilization 
would  have  been  deprived  of  those  inestimable  benefits  which 
have  resulted  from  the  work  of  the  members  of  this  Institute. 

Not  only  Faraday  in  England,  but  Joseph  Henry  in  our  own 
country  and  scores  of  other  workers  in  pure  science  have  laid 
the  foundations  upon  which  the  electrical  engineer  has  reared 
such  a  magni^cent  structure. 

What  is  true  of  the  electrical  art  is  also  true  of  all  of  the  other 
arts  and  applied  sciences.  They  are  all  based  upon  fundamental 
discoveries  made  by  workers  in  pure  science,  who  were  seeking 
only  to  discover  the  laws  of  nature  and  extend  the  realm  of  htunan 
knowledge. 

By  every  means  in  our  power,  therefore,  let  us  show  our 
appreciation  of  pure  science  and  let  us  forward  the  work  of  the 
pure  scientists,  for  they  are  the  advance  guard  of  civilization. 
They  point  the  way  which  we  must  follow.  Let  us  arouse  the 
people  of  our  country  to  the  wonderful  possibilities  of  scientific 
discovery  and  to  the  responsibility  to  support  it  which  rests 
upon  them,  and  I  am  sure  that  they  will  respond  generously  and 
effectively.  Then  I  am  confident  that  in  the  future  the  members 
of  this  Instutite,  together  with  their  colleagues  in  all  of  the  other 
branches  of  engineering  and  applied  science,  as  well  as  the  phys- 
ician and  surgeon,  by  utilizing  the  discoveries  of  pure  science 
yet  to  be  made,  will  develop  without  number  marvelous  new 
agencies  for  the  coijifort  and  convenience  of  man  and  for  the 
alleviation  of  htmaan  suffering.  These,  gentlemen,  are  some  of 
the  considerations  which  have  led  me  here  in  my  presidential 
address  to  urge  upon  you  the  importance  of  a  proper  under- 
standing of  the  relations  between  pure  science  and  industrial 
research. 
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STANDARDIZATION 


BY    C.  LE    MAISTRE 

ALLOW  me  to  commence  these  remarks  by  saying  how  deeply 
sensible  I  am  of  the  honor  of  addressing  this  representative 
gathering  of  American  electrical  engineers.  Thoughtful  Euro- 
peans, as  Lord  Bryce  well  said,  have  begun  to  realize  the  increas- 
ing influence  of  this  vast  country  in  the  affairs  of  the  world, 
and  the  splendor  of  the  part  reserved  to  you  in  the  development 
of  civilization.  A  brief  Visit  to  your  hospitable  shores  has  been 
an  inspiration  and  has  enabled  me  to  appreciate,  in  some  small 
measure,  the  freedom  of  your  thought,  and  the  breadth  of  your 
conceptions.  Such  is  the  grandeur  of  your  outlook  that  I  can 
but  echo  what  was  so  beautifully  expressed  by  one  of  the  orators 
at  the  recent  Harvard  commencement  exercises,  namely,  that 
the  world  needs  you  and  the  world  will  heed  you  if  you  but 
acquit  yourselves  as  men! 

So  much  has  been  written  regarding  standardization,  and  the 
art  has  become  so  necessary  to  progress,  and  is  so  familiar  to 
many  of  you,  that  I  cannot  hope  to  do  more  than  focus  your 
ideas  on  a  few  of  the  more  important  aspects  of  the  subject. 
I  shall  also  try  to  bring  into  prominence  some  of  the  points 
connected  with  the  development  of  engineering  standards  in 
Great  Britain,  which  I  h6pe  may  be  of  interest,  more  especially 
as  in  order  to  minimize  overlapping  and  obviate  piecemeal 
methods,  the  question  of  co-ordinating  the  various  individual 
methods  in  one  homogeneous  body  is  occupying  the  serious 
attention  of  competent  authorities  in  this  country. 

In  matters  electrical,  national  and  international  standardiza- 
tion are  so  intimately  connected  that  it  is  scarcely  possible  to 
speak  of  the  one  without  discussing  the  other.  Indeed,  inter- 
national standardization,  a  barbarous  term  it  -is  true,  but  a 
difficult  one  to  supplant,  would  seem  to  be  the  natural  develop- 
ment from  the  experience  gained  in  the  practical  application 
of  national  standards. 

It  was  stated  on  one  occasion,  I  remember,  that  the  earliest 
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of  financial  organization,  of  return  to  capital  and  of  possible 
acquisition  by  public  authority  of  private  property  involved 
in  water  power  developments?  Let  us  take  up  these  questions 
in  the  order  I  have  indicated. 

Navigable  streams  are  now  fully  recognized  as  being  under 
the  jurisdiction  of  the  general  government.  There  is  no  conten- 
tion as  to  the  right  of  that  government  to  determine  for  or 
against  the  placing  in  such  streams  of  any  obstructions  whatever. 
There  is  very  grave  contention  as  to  the  conditions  which  may 
be  constitutionally  attached,  or  which  in  wise  policy  should  be 
attacked,  to  a  permission  given  by  the  general  government  in 
any  particular  case.  Should  the  sole  interest  of  navigation  be 
consulted,  with  no  consideration  affecting  investment  except  that 
the  proposed  works  should  not  result  in  navigation  costs  greater 
than  those  which  otherwise  would  fall  upon  the  public? 

Should  consideration  of  flood  effects,  as  distinguished  from 
navigation  effects,  also  enter?  Should  questions  of  injury  and 
advantage  to  agricultural  lands,  through  drainage  or  irrigation 
be  considered  by  the  United  States  authorities? 

In  raising  these  questions,  we  raise  a  series  of  constitutional 
issues  which  it  would  be  long  and  hard  to  settle.  Happily, 
they  need  not  be  settled.  If  Smith  and  Jones  have  overlapping 
and  tangled  rights  in  respect  to  a  tract  of  land,  and  if  Brown 
wishes  to  use  the  land,  then,  without  waiting  for  the  law's  delay, 
the  proposed  use  of  the  land  may  be  effected  by  a  joint  grant,  or 
by  parallel  grants  from  Smith  and  Jones  to  Brown.  Let  Smith 
be  Uncle  Sam,  let  Jones  be  the  State  of  Ohio,  and  let  Brown  be 
a  water  power  company,  and  we  may  proceed  to  determine 
the  physical  questions  surrounding  any  situation  in  a  navigable 
stream.  We  may  even  go  further,  and  thus  cover  the  difficulties 
as  presented  by  the  question  as  to  what  is  a  navigable  stream, 
according  to  the  Constitution.  The  existing  legal  definitions  are 
such  as  would  let  almost  any  creek  into  the  dignified  con'pany 
of  streams,  which  must  recognize  in  Uncle  Sam  their  overlord. 

In  my  early  years,  as  a  young  officer  of  engineers,  I  examined 
a  "navigable  stream  (?)"  in  a  buggy.  Rubber  boots  would  have 
done  as  well,  but  for  the  length  of  the  thing. 

However  extreme  the  case,  we  may  rest  assured  that  a  hand- 
some appropriation  will  settle  most  "state's  rights"  doubts  as 
to  the  navigability  question.  But  if  no  appropriation  be  involved 
a  real  issue,  affecting  validity  of  permits,  remains  to  be  solved. 
Co-o]Deration  of  Smith  and  Jones  is  the  true,  practical  solution 
of  this,  and  of  the  other  doubtful  points  concerning  floods, 
drainage,  etc. 

But  the  United  States  appears  in  quite  a  different  role  than 
that  of  overlord  and  largess-giver,  when  we  regard  the  public 
domain  in  our  Western  States.  Are  we  dealing  here  with  a 
sovereign,  or  with  a  mere  landlord-proprietor,  subject  to  the 
laws  of  the  local  sovereign — the  state?  In  my  judgment,  that 
is  the  true  view  of  the  case.    But  it  is  a  much  contested  point. 
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be  jealously  guarded  against  if  monopolies  are  to  be  avoided 
and  the  purchaser  is  not  to  be  deprived  of  the  benefit  of  competi- 
tive effort  and  inventive  genius.  If,  therefore,  through  some  com- 
prehensive centralized  body,  the  users  and  producers  alike  can 
be  persuaded  to  accept  an  agreed  standard,  the  community 
interests  of  buyer  and  seller  are  thereby  realized  and  a  high  aver- 
age efficiency  secured.  Generally  speaking,  satisfactory  stand- 
ardization, whether  national  or  international,  has  usually  been 
arrived  at  not  by  one  section  of  the  community  imposing  its 
opinions  on  the  other,  but  rather  as  the  result  of  co-operative 
action  on  the  part  of  all  concerned. 

Experience  has  clearly  shown  that  such  procedure  does  not 
lower  the  standard,  but  if  anything  tends  rather  to  raise  it. 
It  reflects,  in  effect,  the  consensus  of  opinion  as  to  what  consti- 
tutes best  modem  practise.  Such  standardization  is  only  ar- 
rived at  by  common  consent  of  the  governed  who  take  full 
part  in  the  discussions  and  in  the  initiating  and  working  out 
of  the  actual  details  of  the  specifications  to  be  recommended  for 
public  use.  This  is  one  of  the  chief  reasons  why  the  work  of 
the  Engineering  Standards Committeeof  Great  Britain  isso  widely 
adopted — because  of  the  utmost  care  which  is  taken,  at  the  very 
outset,  to  insure  that  all  who  have  or  could  possibly  have  any 
interest  in  the  proposed  standardization  shall  have  an  adequate 
representation  on  the  Committee  drafting  the  recommendation. 
This  representation  is  usually  effected  through  the  recognized 
societies  and  associations  of  the  particular  engineers  or  trades 
concerned.  Such  methods  register  the  views  of  the  experts 
in  manufacture  as  well  as  those  intimately  acquainted  with  the 
conditions  under  which  machinery  and  apparatus  are  employed 
in  every  day  service. 

Undoubtedly,  mutual  concession  and  ultimate  agreement 
between  the  parties  interested  tend  towards  uniformity  of  prac- 
tise, avoidance  of  waste,  elimination  of  harsh  and  unnecessary 
conditions,  and  last,  but  by  no  means  least,  bring  about  a  feeling 
of  mutual  confidence,  such  as  could  not  be  realized  by  isolated 
action  on  the  part  of  either,  however  honorable  and  straight- 
forward it  may  be. 

Again,  though  much  time  and  labor  be  occupied  in  preparing 
such  standard  specifications,  additions  and  emendations  de- 
manded by  experience  and  new  developments  must  be  provided 
for,  and  consequently,  the  specifications  must  be  reviewed 
annually  and  thus  eliminate  undesirable  stereotyping  of  pro- 
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but  they  should  be  specific  and  clear.  Let  us  get  away  from 
the  unreasonable  "rule  of  reasonableness" — misrule  of  un- 
reasonableness— which  now  leaves  rates  and  returns  almost 
wholly  to  the  guess  of  commissioners.  Most  of  them  are  good 
men,  but  good  men  are  not  always  wise  men,  and  even  wise 
men  should  not  be  left  to  decide  vast  property  interests  without 
guiding  principles  which  put  all  parties  on  notice  as  to  their 
rights.  Let  us  recognize  that  the  inventor  has  destroyed  the 
old  common  law  rule  of  reasonableness,  which  was  the  rule  of 
custom.  Now  the  ferment  of  invention  has,  for  nearly  a  hundred 
years,  prevented  custom  from  taking  a  "permanent  set,"  and 
this  ferment  is  destined  to  continue.  Customary  rates  will 
not  be  established.  Contract  rates  may  be  fixed  to  a  limited 
extent,  chiefly  as  maxima.  But  there  is  no  difficulty  m  fixing 
returns  to  capital  on  a  sliding  scale  in  each  contract  for  a  public 
service. 

And  as  to  the  final  chapter,  the  possible  taking  over  of  a 
property  by  the  public,  we  hear  far  too  much  about  it.  The  old 
law  of  eminent  domain  seems  to  be  forgotten.  No  "perpetual 
franchise"  can  hold  against  the  right  of  the  government  to  take 
anything  it  wants.  No  fixed  term  franchise  can  hold  against 
that  right.  A  grant  of  today  may  be  taken  tomorrow.  But 
private  property  must  be  paid  for  if  thus  taken.  Now,  the  terms 
of  payment  may  be  fixed  far  in  advance,  or  may  be  left  to  a  jury 
at  any  time.  If  we  had  contracts  fixing  possible  (not  guaranteed) 
returns  on  capital,  those  contracts  interpreted  in  the  light  of 
actual  results  obtained  by  operation,  and  with  known  investment 
figures,  would  render  relatively  simple  the  now  fearsome  task 
of  fixing  a  condemnation  value. 

I  append  a  copy  of  the  bill  proposed  by  me  some  years  ago 
to  cover  the  matter  of  permits  for  water-power  construction. 

(See  proposed  bill  referred  to  by  Mr.  Crosby  in  hearing  before 
National  Waterways  Commission,  Washington,  November,  1911, 
pages  136  and  137.) 

Gano  Dunn:  I  want  to  do  service  to  a  friend  and  to  say  to 
the  Honorable  Congressman  that  he  understood  Mr.  Baekeland 
exactly  the  reverse  of  what  Mr.  Baekeland  meant  about  Congress. 
Mr.  Baekeland's  experience  has  been  the  same  as  that  of  all  the 
rest  of  us  when  we  came  down  here — we  have  been  received 
very  courteously  and  listened  to  with  such  attention  that  we 
have  been  made  to  feel  that  every  member  of  Congress  or  the  com- 
mittee we  have  gone  before  has  been  extremely  desirous  of 
drawing  out  all  the  facts.  This  has  caused  us  to  revise  some  of 
our  former  false  opinions  to  the  contrary. 

I  would  like  to  read  to  the  Congressmen  and  others  who  may 
be  interested,  the  official  policy  of  the  American  Institute  of 
Electrical  Engineers  in  regard  to  these  matters,  especially  in 
view  of  his  suggestion  that  we  develop  and  bring  out  a  bill  for 
specific  suggestions  as  to  how  water-powers  should  be  handled: 
"The  governing  body  of  the  Institute  has  continued  its  special 
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committee  (on  water  power)  in  consequence  of  these  successive 
invitations  in  view  of  the  apparent  appreciation  on  the  part  of 
the  government  that  the  services  rendered  by  the  American 
Institute  of  Electrical  Engineers  were  scientific  and  professional 
and  not  commercial  or  political,  that  its  committees  dealt  with 
fundamental  engineering  and  economic  principles  of  hydro- 
electric development  that  were  outside  the  iSeld  of  controversy, 
and  that  the  function  of  the  Institute  being  scientific  and  pro- 
fessional and  not  commercial  or  political,  its  status  was  one 
involving  a  high  degree  of  disinterestedness  in  respect  to  matters 
on  which  its  technical  advice  was  sought." 

Mr.  Baekeland  referred  to  an  address  which  I  had  the  honor 
of  making  before  the  Washington  Society  of  Engineers  some 
time  ago,  in  which  he  mistakenly  reported  me  as  saying  that 
engineers  ought  never  to  mix  in  politics  and  other  things.  What 
I  said  was  that  in  the  appointment  of  the  Naval  Advisory  Board, 
I  believed  for  the  first  time  in  history  the  engineer,  as  such, 
had  been  invited  to  sit  on  the  bench  of  Government  with  the 
statesman  and  co-operate  with  and  help  him;  but  I  also  said 
that  the  engineer  should  never  go  so  far  as  to  think  that  he  can 
take  the  place  of  the  statesman.  The  function  is  different  and 
requires  a  different  kind  of  man.  The  engineer  is  not  big  enough 
to  do  both  things,  and  if  we  appointed  an  engineer  as  Secretary 
of  State,  our  diplomacy  would  be  likely  to  suffer.  Therefore, 
I  feel  that  we  should  stay  in  our  own  province  as  technical 
experts,  and  advise  about  the  things  we  know,  we  should  go 
before  the  various  committees  of  Congress  and  answer  inquiries 
about  these  things,  but  it  is  to  them  we  should  leave  the  other 
questions  of  what  bills  should  be  drawn  and  what  kind  of  political 
bodies  should  be  created  to  do  the  regulating  and  administering 
of  the  affairs  of  the  government  generally.  Something  toward 
this  aim  is  what  we  hoped  to  accomplish  in  organizing  this  meeting 
here  for  the  discussion  of  water-powers. 
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It  is  not  strange  that  many  years  ago  Huxley,  with  his  remark- 
*able  precision  of  thought  and  his  admirable  command  of 
language,  should  have  indicated  his  dissatisfaction  with  the 
terms  "pure  science"  and  ''applied  science",  pointing  out  at 
the  same  time  that  what  people  call  "applied  science"  is  nothing 
but  the  application  of  pure  science  to  particular  classes  of  prob- 
lems. The  terms  are  still  employed,  possibly  because,  after  all, 
they  may  be  the  best  ones  to  use,  or  perhaps  our  ideas,  to  which 
these  expressions  are  supposed  to  conform,  have  not  yet  become 
sufficiently  delSnite  to  have  called  forth  the  right  words. 

It  is  not  the  purpose  of  this  address,  however,  to  suggest 
better  words  or  expressions,  but  rather  to  direct  attention  to 
certain  important  relations  between  purely  scientific  research  and 
industrial  scientific  research  which  are  not  yet  sufficiently  under- 
stood. 

Because  of  the  stupendous  upheaval  of  the  European  war 
with  its  startling  agencies  of  destruction — the  product  of  both 
science  and  the  industries — and  because  of  the  deplorable  unpre- 
paredness  of  our  own  country  to  defend  itself  against  attack, 
there  has  begun  a  great  awakening  of  our  people.  By  bringing 
to  their  minds  the  brilliant  achievements  of  the  membership 
of  this  Institute  in  electric  lighting  and  power  and  communica- 
tions and  by  calling  their  attention  to  the  manifold  achieve- 
ments of  the  members  of  our  sister  societies  in  mechanical  and 
mining  and  civil  engineering,  and  the  accomplishments  of  our 
fellow-workers,  the  industrial  chemists,  they  are  being  aroused 
to  the  vital  importance  of  the  products  of  science  in  the  national 
defense. 

Arising  out  of  this  agitation  comes  a  growing  appreciation 
of  the  importance  of  industrial  scientific  research,  not  only  as  an 
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aid  to  military  defense  but  as  an  essential  part  of  every  industry 
in  time  of  peace. 

Industrial  research,  conducted  in  accordance  with  the  prin- 
ciples of  science,  is  no  new  thing  in  America.  The  department 
which  is  under  my  charge,  founded  nearly  forty  years  ago  to 
develop,  with  the  aid  of  scientific  men,  the  telephone  art,  has 
grown  from  small  beginnings  with  but  a  few  workers  to  a  great 
institution  employing  hundreds  of  scientists  and  engineers,  and 
it  is  generally  acknowledged  that  it  is  largely  owing  to  the  indus- 
trial research  thus  conducted  that  the  telephone  achievements 
and  development  in  America  have  so  greatly  exceeded  those  of 
other  countries. 

With  the  development  of  electric  lighting  and  electric  power 
and  electric  traction  which  came  after  the  invention  of  the  tele- 
phone, industrial  scientific  research  laboratories  were  founded 
by  some  of  the  larger  electrical  manufacturing  concerns  and  these 
have  attained  a  world-wide  reputation.  While  vast  sums  are 
spent  annually  upon  industrial  research  in  these  laboratories, 
I  can  say  with  authority  that  they  return  to  the  industries 
each  year  improvements  in  the  art  which,  taken  all  together, 
have  a  value  many  times  greater  than  the  total  cost  of  their 
production.  Money  expended  in  properly  directed  industrial 
research,  conducted  on  scientific  principles,  is  sure  to  bring  to 
the  industries  a  most  generous  return. 

While  many  concerns  in  America  now  have  well  organized 
industrial  research  laboratories,  particularly  those  engaged  in 
metallurgy  and  dependent  upon  chemical  processes,  the  manu- 
facturers of  our  country  as  a  whole  have  not  yet  learned  of  the 
benefits  of  industrial  scientific  research  and  how  to  avail  them- 
selves of  it. 

I  consider  that  it  is  the  high  duty  of  our  Institute  and  of  every 
member  composing  it,  and  that  a  similar  duty  rests  upon  all 
other  engineering  and  scientific  bodies  in  America,  to  impress 
upon  the  manufacturers  of  the  United  States  the  wonderful 
possibilities  of  economies  in  their  processes  and  improvements  in 
their  products  which  are  opened  up  by  the  discoveries  in  science. 
The  way  to  realize  these  possibilities  is  through  the  medium  of 
industrial  research  conducted  in  accordance  with  scientific 
principles.  Once  it  is  made  clear  to  our  manufacturers  that 
industrial  research  pays,  they  will  be  sure  to  call  to  their  aid 
men  of  scientific  training  to  investigate  their  technical  problems 
and  to  improve  their  processes.    Those  who  are  the  first  to  avail 
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themselves  of  the  benefits  of  industrial  research  will  obtain 
such  a  lead  over  their  competitors  that  we  may  look  forward  to 
the  time  when  the  advantages  of  industrial  research  will  be  recog- 
nized by  all. 

Industrial  scientific  research  departments  can  reach  their 
highest  development  in  those  concerns  doing  the  largest  amount 
of  business.  While  instances  are  not  wanting  where  the  large 
growth  of  the  institution  is  the  direct  result  of  the  care  which 
it  bestowed  upon  industrial  research  at  a  time  when  it  was  but 
a  small  concern,  nevertheless  conditions  to-day  are  such  that 
without  cooperation  among  themselves  the  small  concerns  can- 
not have  the  full  benefits  of  industrial  research,  for  no  one  among 
them  is  sufficiently  strong  to  maintain  the  necessary  staff  and 
laboratories.  Once  the  vital  importance  of  this  subject  is  appre- 
ciated by  the  small  manufacturers  many  solutions  of  the  problem 
will  promptly  appear.  One  of  these  is  for  the  manufacturer 
to  take  his  problem  to  one  of  the  industrial  research  laboratories 
already  established  for  the  purpose  of  serving  those  who  cannot 
afford  a  laboratory  of  their  own.  Other  manufacturers  doing 
the  same,  the  financial  encouragement  received  would  enable  the 
laboratories  to  extend  and  improve  their  facilities  so  that  each 
of  the  small  manufacturers  who  patronizes  them  would  in 
course  of  time  have  the  benefit  of  an  institution  similar  to  those 
maintained  by  our  largest  industrial  concerns. 

Thus,  in  accordance  with  the  law  of  supply  and  demand, 
the  small  manufacturer  may  obtain  the  benefits  of  industrial  re- 
search in  the  highest  degree  and  the  burden  upon  each  manu- 
facturer would  be  only  in  accordance  with  the  use  he  made  of  it, 
and  the  entire  cost  of  the  laboratories  would  thus  be  borne  by 
the  industries  as  a  whole,  where  the  charge  properly  belongs. 
Many  other  projects  are  now  being  considered  for  the  establish- 
ment of  industrial  research  laboratories  for  those  concerns  which 
cannot  afford  laboratories  of  their  own,  and  in  some  of  these 
cases  the  possible  relation  of  these  laboratories  to  our  technical 
and  engineering  schools  is  being  earnestly  studied. 

Until  the  manufacturers  themselves  are  aroused  to  the  neces- 
sity of  action  in  the  matter  of  industrial  research  there  is  no 
plan  which  can  be  devised  that  will  result  in  the  general  establish- 
ment of  research  laboratories  for  the  industries.  But  once 
their  need  is  felt  and  their  value  appreciated  and  the  demand 
for  research  facilities  is  put  forth  by  the  manufacturers  them- 
selves, research  laboratories  will  spring  up  in  all  our  great 
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centers  of  industrial  activity.  Their  number  and  character  and 
size,  and  their  method  of  operation  and  their  relation  to  the 
technical  and  engineering  schools,  and  the  method  of  their  work- 
ing with  the  different  industries,  are  all  matters  which  involve 
many  interesting  problems — problems  which  I  am  sure  will  be 
solved  as  they  present  themselves  and  when  their  nature  has 
been  clearly  apprehended. 

In  the  present  state  of  the  world's  development  there  is  nothing 
which  can  do  more  to  advance  American  industries  than  the 
adoption  by  our  manufacturers  generally  of  industrial  research 
conducted  on  scientific  principles.  I  am  sure  that  if  they  can 
be  made  to  appreciate  the  force  of  this  statement,  our  manufac- 
turers will  rise  to  the  occasion  with  all  that  energy  and  enter- 
prise so  characteristic  of  America. 

So  much  has  already  been  said  and  so  much  remains  to  be 
said  urging  upon  us  the  importance  of  scientific  research  con- 
ducted for  the  sake  of  utility  and  for  increasing  the  convenience 
and  comfort  of  mankind,  that  there  is  danger  of  losing  sight 
of  another  form  of  research  which  has  for  its  primary  object 
none  of  these  things.    I  refer  to  pure  scientific  research. 

In  the  minds  of  many  there  is  confusion  between  industrial 
scientific  research  and  this  purely  scientific  research,  particularly 
as  the  industrial  research  involves  the  use  of  advanced  scientific 
methods  and  calls  for  the  highest  degree  of  scientific  attainment. 
The  confusion  is  worse  because  the  same  scientific  principles  and 
methods  of  investigation  are  frequently  employed  in  each  case 
and  even  the  subject  matter  under  investigation  may  sometimes 
be  identical. 

The  misunderstanding  arises  from  considering  only  the  sub- 
ject matter  of  the  two  classes  of  research.  The  distinction  is 
to  be  found  not  in  the  subject  matter  of  the  research,  but  in  the 
motive. 

The  electrical  engineer,  let  us  say,  finding  a  new  and  unex- 
plained difficulty  in  the  working  of  electric  lamps,  subjects  the 
phenomenon  observed  to  a  process  of  inquiry  employing  scientific 
methods,  with  a  view  to  removing  from  the  lamps  an  objection- 
able characteristic.  The  pure  scientist  at  the  same  time  investi- 
gates in  precisely  the  same  manner  the  same  phenomenon,  but 
with  the  purpose  of  obtaining  an  explanation  of  a  physical 
occurence,  the  nature  of  which  cannot  be  explained  by  known 
facts.  Although  these  two  researches  are  conducted  in  exactly 
the  same  manner,  the  one  nevertheless  comes  under  the  head  of 
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industrial  research  and  the  other  belongs  to  the  domain  of  pure 
science.  In  the  last  analysis  the  distinction  between  pure  scien- 
tific research  and  industrial  scientific  research  is  one  of  motive. 
Industrial  research  is  always  conducted  with  the  purpose  of 
accomplishing  some  utilitarian  end.  Pure  scientific  research  is 
conducted  with  a  philosophic  purpose,  for  the  discovery  of  truth, 
and  for  the  advancement  of  the  boundaries  of  human  knowledge. 

The  investigator  in  pure  science  may  be  likened  to  the  explorer 
who  discovers  new  continents  or  islands  or  hitherto  unknown 
territory.  He  is  continually  seeking  to  extend  the  boundaries 
of  knowledge. 

The  investigator  in  industrial  research  may  be  compared  to 
the  pioneers  who  survey  the  newly  discovered  territory  in  the 
endeavor  to  locate  its  mineral  resources,  determine  the  extent 
of  its  forests,  and  the  location  of  its  arable  land,  and  who  in 
other  ways  precede  the  settlers  and  prepare  for  their  occupation 
of  the  new  country. 

The  work  of  the  pure  scientists  is  conducted  without  any  utili- 
tarian motive,  for,  as  Huxley  says,  "that  which  stirs  their  pulses 
is  the  love  of  knowledge  and  the  joy  of  discovery  of  the  causes 
of  things  sung  by  the  old  poet — the  supreme  delight  of  extend- 
ing the  realm  of  law  and  order  ever  farther  towards  the  unattain- 
able goals  of  the  infinitely  great  and  the  infinitely  small,  between 
which  our  little  race  of  life  is  run."  While  a  single  discovery 
in  pure  science  when  considered  with  reference  to  any  particular 
branch  of  industry,  may  not  appear  to  be  of  appreciable  benefit, 
yet  when  interpreted  by  the  industrial  scientist,  with  whom  I 
class  the  engineer  and  the  industrial  chemist,  and  when  adapted 
to  practical  uses  by  them,  the  contributions  of  pure  science 
as  a  whole  become  of  incalculable  value  to  all  the  industries. 

I  do  not  say  this  because  a  new  incentive  is  necessary  for  the 
pure  scientist,  for  in  him  there  must  be  some  of  the  divine  spark 
and  for  him  there  is  no  higher  motive  than  the  search  for  the 
truth  itself.  But  surely  this  motive  must  be  intensified  by  the 
knowledge  that  when  the  search  is  rewarded  there  is  siu-e  to  be 
f6und,  sooner  or  later,  in  the  truth  which  has  been  discovered, 
the  seeds  of  future  great  inventions  which  will  increase  the  com- 
fort and  convenience  and  alleviate  the  sufferings  of  mankind. 

By  all  who  study  the  subject,  it  will  be  fotmd  that  while  the  dis- 
coveries of  the  pure  scientist  are  of  the  greatest  importance 
to  the  higher  interests  of  mankind,  their  practical  benefits, 
though   certain,   are   usually   indirect,   intangible  or  remote. 
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Pure  scientific  research  unlike  industrial  scientific  research  can 
not  support  itself  by  direct  pecuniary  returns  from  its  discoveries. 

The  practical  benefits  which  may  be  immediately  and  directly 
traced  to  industrial  research,  when  it  is  properly  conducted,  are 
so  great  that  when  their  importance  is  more  generally  recognized 
industrial  research  will  not  lack  the  most  generous  encourage- 
ment and  support.  Indeed,  unless  industrial  research  abund- 
antly supports  itself,  it  will  have  failed  of  its  purpose. 

But  who  is  to  support  the  researches  of  the  pure  scientist, 
and  who  is  to  furnish  him  with  encouragement  and  assistance 
to  pursue  his  self-sacrificing  and  arduous  quest  for  that  truth 
which  is  certain  as  time  goes  on  to  bring  in  its  train  so  many 
blessings  to  mankind?  Who  is  to  furnish  the  laboratories,  the 
funds  for  apparatus  and  for  traveling  and  for  foreign  study? 

Because  of  the  extraordinary  practical  results  which  have  been 
attained  by  scientifically  trained  men  working  in  the  industrial 
laboratories  and  because  of  the  limited  and  narrow  conditions 
under  which  many  scientific  investigators  have  sometimes  been 
compelled  to  work  in  imiversities,  it  has  been  suggested  that 
perhaps  the  theater  of  scientific  r€feearch  might  be  shifted  trom 
the  imiversity  to  the  great  industrial  laboratories  which  have 
already  grown  up  or  to  the  even  greater  ones  which  the  future  is 
bound  to  bring  forth.  But  we  can  dismiss  this  suggestion  as 
being  unworthy. 

Organizations  and  institutions  of  many  kinds  are  engaged  in 
pure  scientific  research  and  they  should  receive  every  encoiu^age- 
ment,  but  the  natiu^al  home  of  piu^e  science  and  of  pure  scientific 
research  is  to  be  found  in  the  university,  from  which  it  cannot 
pass.  It  is  a  high  function  of  the  universities  to  make  advances 
in  science,  to  test  new  scientific  discoveries  and  to  place  their 
stamp  of  truth  upon  those  which  are  found  to  be  pure.  In  this 
way  only  can  they  determine  what  shall  be  taught  as  scientific 
truth  to  those  who,  relying  upon  their  authority,  come  to  them 
for  knowledge  and  believe  what  they  teach. 

Instead  of  abdicating  in  their  favor,  may  not  oiu*  universities, 
stimulated  by  the  wonderful  achievements  of  these  industrial 
laboratories,  find  a  way  to  advance  the  conduct  of  their  own  pure 
scientific  research,  the  grand  responsibility  for  which  rests  upon 
them.  This  responsibility  should  now  be  felt  more  heavily 
than  ever  by  oiu*  American  universities,  not  only  because  the 
tragedy  of  the  great  war  has  caused  the  destruction  of  European 
institutions  of  learning,  but  because  even  a  worse  thing  has 
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happened.  So  great  have  been  the  fatalities  of  the  war  that  the 
universities  of  the  old  world  hardly  dare  to  count  their  dead. 

But  what  can  the  American  universities  do,  for  they,  like 
the  pure  scientists,  are  not  engaged  in  a  lucrative  occupation. 
Universities  are  not  money-making  institutions,  and  what  can 
be  done  without  money? 

There  is  much  that  can  be  done  without  money.  The  most 
important  and  most  fundamental  factor  in  scientific  research 
is  the  mind  of  a  man  suitably  endowed  by  nature.  Unless  the 
scientific  investigator  has  the  proper  genius  for  his  work,  no 
amount  of  financial  assistance,  no  apparatus  or  laboratories, 
however  complete,  and  no  foreign  travel  and  study  however 
extensive,  will  enable  such  a  mind  to  discover  new  truths  or  to 
inspire  others  to  do  so.  Judgment  and  appreciation  and  insight 
into  character  on  the  part  of  the  responsible  university  author- 
ities must  be  applied  to  the  problem,  so  that  when  the  man  with 
the  required  mental  attributes  does  appear  he  may  be  appre- 
ciated as  early  in  his  career  as  possible.  This  is  a  very  diflScult 
thing  to  do  indeed.  Any  one  can  recognize  such  a  man  after  his 
great  achievements  have  become  known  to  all  the  world,  but 
I.  sometimes  think  that  one  who  can  select  early  a  man  who 
has  within  him  the  making  of  the  scientific  discoverer  must 
have  been  himself  fired  with  a  little  of  the  divine  spark.  Such 
.surely  was  the  case  with  Sir  Humphrey  Davy,  himself  a  great 
discoverer,  who,  realizing  the  fundamental  importance  of  the 
man  in  scientific  discovery,  once  said  that  Michael  Faraday, 
whose  genius  he  was  prompt  recognize,  constituted  his  greatest 
discovery. 

I  can  furnish  no  formula  for  the  identification  of  budding  genius 
and  I  have  no  ready-made  plan  to  lay  before  the  universities 
for  the  advancement  of  pure  scientific  research.  But  as  a  repre- 
sentative of  engineering  and  industrial  research,  having  testified 
to  the  great  value  of  pure  scientific  research,  I  venture  to  sug- 
gest that  the  university  authorities  themselves  might  well  con- 
sider the  immense  debt  which  engineering  and  the  industries 
and  transportation  and  communications  and  commerce  owe  to 
pure  science,  and  to  express  the  hope  that  the  importance  of 
pure  scientific  research  will  be  more  fully  appreciated  both 
within  the  university  and  without,  for  then  will  come — ^and  then 
only — ^that  sympathetic  appreciation  and  generous  financial 
support  so  much  needed  for  the  advancement  of  pure  scientific 
research  in  America. 
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While  there  are  many  things — and  most  important  things — 
which  the  universities  can  do  to  aid  pure  science  without  the 
employment  of  large  sums  of  money,  there  are  nevertheless  a 
great  many  things  required  in  the  conduct  of  pure  scientific 
research  which  can  be  done  only  with  the  aid  of  money.  The 
first  of  these  I  think  is  this: 

When  a  master  scientist  does  appear  and  has  made  himself 
known  by  his  discoveries,  then  he  should  be  provided  with  all  of 
the  resources  and  facilities  and  assistants  that  he  can  effectively 
employ,  so  that  the  range  of  his  genius  will  in  no  way  be  restricted 
for  the  want  of  anything  which  money  can  provide. 

Every  reasonable  and  even  generous  provision  should  be  made 
for  all  workers  in  pure  science,  even  though  their  reputations 
have  not  yet  become  great  by  their  discoveries,  for  it  should  be 
remembered  that  the  road  to  great  discoveries  is  long  and  dis- 
couraging and  that  for  one  great  achievement  in  science  we  must 
expect  numberless  failures. 

I  would  not  restrict  these  workers  in  pure  science  to  our 
great  universities,  for  I  believe  that  they  should  be  located  also 
at  our  technical  schools,  even  at  those  with  the  most  practical 
aims.  In  such  schools  the  influence  of  a  discoverer  in  science 
would  serve  as  a  balance  to  the  practical  curricultun  and  famil- 
iarize the  student  with  the  high  ideals  of  the  pure  scientist  and 
with  his  rigorous  methods  of  investigation.  Furthermore,  the 
time  has  come  when  our  technical  schools  must  supply  in  largely 
increasing  ntunbers  men  thoroughly  grounded  in  the  scientific 
method  of  investigation  for  the  work  of  industrial   research. 

Even  the  engineering  student,  who  has  no  thoughts  of  indus- 
trial research,  will  profit  by  his  association  with  the  work  of  the 
pure  scientist,  for  if  he  expects  ever  to  tread  the  higher  walks 
of  the  engineering  profession  he  must  be  qualified  to  investigate 
•  new  problems  in  engineering  and  devise  methods  for  their  solu- 
tion and  for  such  work  a  knowledge  of  the  logical  processes  of 
the  pure  scientist  and  his  rigorous  methods  of  analyzing  and 
weighing  evidence  in  his  scrupulous  search  for  the  truth  will  be 
of  the  greatest  value. 

Furthermore,  the  engineering  student  should  be  taught  to 
appreciate  the.  ultimate  great  practical  importance  of  the  results 
of  pure  scientific  investigation  and  to  realize  that  pure  science 
furnishes  to  engineering  the  raw  material,  so  to  speak,  which  he 
must  work  into  useful  forms.  He  should  be  taught  that  after 
graduation  it  will  be  most  helpful  to  him  and  even  necesary,  if 
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he  is  to  be  a  leader,  to  watch  with  care  the  work  of  the  pure 
scientist  and  to  scrutinize  the  reports  of  new  scientific  discov- 
eries to  see  what  they  may  contain  that  can  be  applied  to  useful 
purposes  and  more  particularly  to  problems  of  his  own  which 
require  solution.  There  are  many  unsolved  problems  in  applied 
science,  to-day  which  are  insoluble  in  the  present  state  of  our 
knowledge,  but  I  am  sure  that  in  the  future,  as  has  so  often 
happened  in  the  past,  these  problems  will  find  a  ready  solution 
in  the  light  of  pure  scientific  discoveries  yet  to  be  made.  When 
thus  regarded  the  work  of  the  pure  scientist  should  be  followed 
with  most  intense  interest  by  all  of  those  engaged  in  the  appli- 
cation of  science  to  industrial  purposes.  Acquaintance,  therefore 
with  the  pure  scientist,  with  his  methods  and  results,  is  of  great 
importance  to  the  student  of  applied  science.  I  believe  that 
there  is  need  of  a  better  understanding  of  the  relations  between 
the  pure  scientist  and  the  applied  scientist  and  that  this  under- 
standing would  be  greatly  helped  by  a  closer  association  between 
the  pure  scientist  and  the  students  in  the  technical  schools. 

While  I  have  drawn  a  valid  distinction  between  the  work  of 
the  two,  they  nevertheless  have  much  in  common.  Both  are 
concerned  with  the  truth  of  things,  one  to  discover  new  truths 
and  the  other  to  apply  these  truths  to  the  uses  of  man.  While 
the  object  of  the  engineer  is  to  produce  from  sdent'ific  discoveries 
useful  results,  these  results  are  for  the  benefit  of  others.  They 
are  dedicated  to  the  use  of  mankind  and,  as  is  the  case  with  the 
pure  scientist,  they  should  not  be  confused  with  the  pecuniary 
compensation  which  the  engineer  himself  may  receive  for  his  work 
for  this  compensation  is  slight,  often  infinitesimally  so,  compared 
with  the  great  benefits  received  by  others.  Like  the  worker  in 
pure  science,  the  engineer  finds  inspiration  in  the  desire  for 
achievement  and  his  real  reward  is  found  in  the  knowledge  of  the 
benefits  which  others  receive  from  his  work. 

There  are  many  other  things  which  might  be  discussed  con- 
cerning the  conduct  of  pure  scientific  research  in  our  universities 
and  technical  schools,  but  enough  has  been  said  to  make  it  plain 
that  I  believe  such  work  should  be  greatly  extended  in  all  of 
our  American  universities  and  technical  institutions.  But  where 
are  the  universities  to  obtain  the  money  necessary  for  the  carry- 
ing out  of  a  grand  scheme  of  scientific  research?  It  should  come 
from  those  generous  and  public  spirited  men  and  women  who 
desire  to  dispose  of  their  wealth  in  a  manner  well  calculated  to 
advance  the  welfare  of  mankind,  and  it  should  come  from  the 
industries  themselves,  which  owe  such  a  heavy  debt  to  science. 
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While  it  cannot  be  shown  that  the  contribution  of  any  one  manu- 
facturer or  corporation  to  a  particular  purely  scientific  research 
will  bring  any  return  to  the  contributor  or  to  others,  it  is  certain 
that  contributions  by  the  manufacturers  in  general  and  by  the 
industrial  corporations  to  pure  scientific  research  as  a  whole 
will  in  the  long  run  bring  manifold  rettuns  through  the  medium  of 
industrial  research  conducted  in  the  rich  and  virgin  territory 
discovered  by  the  scientific  explorer. 

It  was  Michael  Faraday,  one  of  the  greatest  of  the  workers 
in  pure  science,  who  in  the  last  centiuy  discovered  the  principle 
of  the  dynamo  electric  machine.  Without  a  knowledge  of  this 
principle  discovered  by  Faraday  the  whole  art  of  electrical 
engineering  as  we  know  it  to-day  could  not  exist  an3  civilization 
would  have  been  deprived  of  those  inestimable  benefits  which 
have  resulted  from  the  work  of  the  members  of  this  Institute. 

Not  only  Faraday  in  England,  but  Joseph  Henry  in  our  own 
country  and  scores  of  other  workers  in  pure  science  have  laid 
the  foundations  upon  which  the  electrical  engineer  has  reared 
such  a  magnificent  structure. 

What  is  true  of  the  electrical  art  is  also  true  of  all  of  the  other 
arts  and  applied  sciences.  They  are  all  based  upon  fundamental 
discoveries  made  by  workers  in  pure  science,  who  were  seeking 
only  to  discover  the  laws  of  nature  and  extend  the  realm  of  htunan 
knowledge. 

By  every  means  in  our  power,  therefore,  let  us  show  our 
appreciation  of  pure  science  and  let  us  forward  the  work  of  the 
pure  scientists,  for  they  are  the  advance  guard  of  civilization. 
They  point  the  way  which  we  must  follow.  Let  us  arouse  the 
people  of  our  country  to  the  wonderful  possibilities  of  scientific 
discovery  and  to  the  responsibility  to  support  it  which  rests 
upon  them,  and  I  am  sure  that  they  will  respond  generously  and 
effectively.  Then  I  am  confident  that  in  the  future  the  members 
of  this  Instutite,  together  with  their  colleagues  in  all  of  the  other 
branches  of  engineering  and  applied  science,  as  well  as  the  phys- 
ician and  surgeon,  by  utilizing  the  discoveries  of  pure  science 
yet  to  be  made,  will  develop  without  ntunber  marvelous  new 
agencies  for  the  coipfort  and  convenience  of  man  and  for  the 
alleviation  of  himian  suffering.  These,  gentlemen,  are  some  of 
the  considerations  which  have  led  me  here  in  my  presidential 
address  to  urge  upon  you  the  importance  of  a  proper  under- 
standing of  the  relations  between  pure  science  and  industrial 
research. 


PftitnUd  at  tfu  33d  Annual  Contention  of 
the  American  Institute  of  Electrical  Engineers, 
CUutand,  O..  June  27,  1916. 
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ALLOW  me  to  commence  these  remarks  by  saying  how  deeply 
sensible  I  am  of  the  honor  of  addressing  this  representative 
gathering  of  American  electrical  engineers.  Thoughtful  Euro- 
peans, as  Lord  Bryce  well  said,  have  begun  to  realize  the  increas- 
ing influence  of  this  vast  country  in  the  affairs  of  the  world, 
and  the  splendor  of  the  part  reserved  to  you  in  the  development 
of  civilization.  A  brief  Visit  to  your  hospitable  shores  has  been 
an  inspiration  and  has  enabled  me  to  appreciate,  in  some  small 
measure,  the  freedom  of  your  thought,  and  the  breadth  of  your 
conceptions.  Such  is  the  grandeur  of  your  outlook  that  I  can 
but  echo  what  was  so  beautifully  expressed  by  one  of  the  orators 
at  the  recent  Harvard  commencement  exercises,  namely,  that 
the  world  needs  you  and  the  world  will  heed  you  if  you  but 
acquit  yourselves  as  men ! 

So  much  has  been  written  regarding  standardization,  and  the 
art  has  become  so  necessary  to  progress,  and  is  so  familiar  to 
many  of  you,  that  I  cannot  hope  to  do  more  than  focus  your 
ideas  on  a  few  of  the  more  important  aspects  of  the  subject. 
I  shall  also  try  to  bring  into  prominence  some  of  the  points 
connected  with  the  development  of  engineering  standards  in 
Great  Britain,  which  I  h6pe  may  be  of  interest,  more  especially 
as  in  order  to  minimize  overlapping  and  obviate  piecemeal 
methods,  the  question  of  co-ordinating  the  various  individual 
methods  in  one  homogeneous  body  is  occupying  the  serious 
attention  of  competent  authorities  in  this  country. 

In  matters  electrical,  national  and  international  standardiza- 
tion are  so  intimately  connected  that  it  is  scarcely  possible  to 
speak  of  the  one  without  discussing  the  other.  Indeed,  inter- 
national standardization,  a  barbarous  term  it  -is  true,  but  a 
difficult  one  to  supplant,  would  seem  to  be  the  natural  develop- 
ment from  the  experience  gained  in  the  practical  application 
of  national  standards. 

It  was  stated  on  one  occasion,  I  remember,  that  the  earliest 
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record  of  standardization  was  to  be  found  in  the  introduction 
of  the  Greek  alphabet  initiated  by  Xerxes  and  which  was  refused 
by  China  and  Russia.  However  that  maybe,  the  most  notable 
step  in  the  realization  of  engineering  standards,  in  so  far  as 
Great  Britain  is  concerned,  was  in  1841,  when  Sir  Joseph  Whit- 
worth  introduced  his  standard  screw  thread.  When  urging 
the  necessity  for  standardization,  he  illustrated  his  argument 
by  mentioning  that  candles  and  candle-sticks  were  in  use  in 
almost  every  house,  and  nothing  could  be  more  convenient 
than  for  the  candles  to  fit  accurately  into  the  sockets  of  the  candle 
sticks,  which  they  seldom  did.  The  lesson  taught  by  his  illus- 
tration lies  at  the  root  of  standardization  and  necessarily  carries 
with  it  disadvantage  to  the  few  for  the  advantage  to  the  many. 

Then  we  come  to  the  Standards  Committee  of  this  Institute, 
of  which  Prof.  Crocker  was  the  first  Cbciirman,  which  reported 
on  electrical  standardization  in  1898.  The  splendid  pioneer 
work  accomplished  by  that  committee  has  been  an  incentive 
to  many  others  and  whatever  form  the  proposed  central  organi- 
zation may  take,  the  Standards  Committee  of  this  Institute 
will  doubtless  retain  intact  its  distinctive  character  whilst  sup- 
plementing and  extending  its  activities. 

vSeveral  factors,  including  keen  competition  from  outside,  the 
legitimate  demands  of  labor  for  a  higher  standard  of  living, 
coupled  with  the  desire  of  capital  for  a  better  return,  have 
compelled  the  electrical,  in  common  with  the  whole  engineering 
industry,  to  introduce  modern  order  and  system  into  all  its 
methods  of  production.  Former  individualistic  methods  have  been 
forced  to  give  way  to  co-ordination  and  collective  effort.  It  is, 
in  fact,  co-operation  which  gives  the  highest  value  to  individual 
effort.  This,  if  voluntary  and  not  compulsory,  will  help  to 
maintain  quality. 

Now,  these  improvements  which  have  already  resulted  in 
marked  benefits,  must  not  only  be  maintained,  but  continually 
added  to  if  the  full  advantages  are  to  be  reaped.  Inevitably 
the  necessity  of  standards  to  which  the  products  of  the  work- 
shops may  be  referred,  has  manifested  itself  just  as  much  as 
fixed  standards  of  weights  and  measures. 

Of  course,  the  individual  gain,  economically,  in  private  work- 
shop standardization  is  acknowledged  great  to  the  producer 
for  it  tends  towards  interchangeability  of  working  parts,  lessens 
maintenance  charges  and  stores;  crystallization,  however,  which 
would  tend  to  impede  and  in  some  cases  stultify  progress  must 
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be  jealously  guarded  against  if  monopolies  are  to  be  avoided 
and  the  purchaser  is  not  to  be  deprived  of  the  benefit  of  competi- 
tive effort  and  inventive  genius.  If,  therefore,  through  some  com- 
prehensive centralized  body,  the  users  and  producers  alike  can 
be  persuaded  to  accept  an  agreed  standard,  the  community 
interests  of  buyer  and  seller  are  thereby  realized  and  a  high  aver- 
age efficiency  secured.  Generally  speaking,  satisfactory  stand- 
ardization, whether  national  or  international,  has  usually  been 
arrived  at  not  by  one  section  of  the  community  imposing  its 
opinions  on  the  other,  but  rather  as  the  result  of  co-operative 
action  on  the  part  of  all  concerned. 

Experience  has  clearly  shown  that  such  procedure  does  not 
lower  the  standard,  but  if  anything  tends  rather  to  raise  it. 
It  reflects,  in  effect,  the  consensus  of  opinion  as  to  what  consti- 
tutes best  modem  practise.  Such  standardization  is  only  ar- 
rived at  by  common  consent  of  the  governed  who  take  full 
part  in  the  discussions  and  in  the  initiating  and  working  out 
of  the  actual  details  of  the  specifications  to  be  recommended  for 
public  use.  This  is  one  of  the  chief  reasons  why  the  work  of 
the  Engineering  Standards  Committee  of  Great  Britain  is  so  widely 
adopted — because  of  the  utmost  care  which  is  taken,  at  the  very 
outset,  to  insure  that  all  who  have  or  could  possibly  have  any 
interest  in  the  proposed  standardization  shall  have  an  adequate 
representation  on  the  Committee  drafting  the  recommendation. 
This  representation  is  usually  effected  through  the  recognized 
societies  and  associations  of  the  particular  engineers  or  trades 
concerned.  Such  methods  register  the  views  of  the  experts 
in  manufacture  as  well  as  those  intimately  acquainted  with  the 
conditions  under  which  machinery  and  apparatus  are  employed 
in  every  day  service. 

Undoubtedly,  mutual  concession  and  ultimate  agreement 
between  the  parties  interested  tend  towards  uniformity  of  prac- 
tise, avoidance  of  waste,  elimination  of  harsh  and  unnecessary 
conditions,  and  last,  but  by  no  means  least,  bring  about  a  feeling 
of  mutual  confidence,  such  as  could  not  be  realized  by  isolated 
action  on  the  part  of  either,  however  honorable  and  straight- 
forward it  may  be. 

Again,  though  much  time  and  labor  be  occupied  in  preparing 
such  standard  specifications,  additions  and  emendations  de- 
manded by  experience  and  new  developments  must  be  provided 
for,  and  consequently,  the  specifications  must  be  reviewed 
annually  and  thus  eliminate  undesirable  stereotyping  of  pro- 


490  LE    MAISTRE:   STANDARDIZATION  [June  27 

record  of  standardization  was  to  be  found  in  the  introduction 
of  the  Greek  alphabet  initiated  by  Xerxes  and  which  was  refused 
by  China  and  Russia.  However  that  maybe,  the  most  notable 
step  in  the  realization  of  engineering  standards,  in  so  far  as 
Great  Britain  is  concerned,  was  in  1841,  when  Sir  Joseph  Whit- 
worth  introduced  his  standard  screw  thread.  When  urging 
the  necessity  for  standardization,  he  illustrated  his  argument 
by  mentioning  that  candles  and  candle-sticks  were  in  use  in 
almost  every  house,  and  nothing  could  be  more  convenient 
than  for  the  candles  to  fit  accurately  into  the  sockets  of  the  candle 
sticks,  which  they  seldom  did.  The  lesson  taught  by  his  illus- 
tration lies  at  the  root  of  standardization  and  necessarily  carries 
with  it  disadvantage  to  the  few  for  the  advantage  to  the  many. 

Then  we  come  to  the  Standards  Committee  of  this  Institute, 
of  which  Prof.  Crocker  was  the  first  Chairman,  which  reported 
on  electrical  standardization  in  1898.  The  splendid  pioneer 
work  accomplished  by  that  committee  has  been  an  incentive 
to  many  others  and  whatever  form  the  proposed  central  organi- 
zation may  take,  the  Standards  Committee  of  this  Institute 
will  doubtless  retain  intact  its  distinctive  character  whilst  sup- 
plementing and  extending  its  activities. 

Several  factors,  including  keen  competition  from  outside,  the 
legitimate  demands  of  labor  for  a  higher  standard  of  living, 
coupled  with  the  desire  of  capital  for  a  better  return,  have 
compelled  the  electrical,  in  common  with  the  whole  engineering 
industry,  to  introduce  modem  order  and  system  into  all  its 
methods  of  production.  Former  individualistic  methods  have  been 
forced  to  give  way  to  co-ordination  and  collective  effort.  It  is, 
in  fact,  co-operation  which  gives  the  highest  value  to  individual 
effort.  This,  if  voluntary  and  not  compulsory,  will  help  to 
maintain  quality. 

Now,  these  improvements  which  have  already  resulted  in 
marked  benefits,  must  not  only  be  maintained,  but  continually 
added  to  if  the  full  advantages  are  to  be  reaped.  Inevitably 
the  necessity  of  standards  to  which  the  products  of  the  work- 
shops may  be  referred,  has  manifested  itself  just  as  much  as 
fixed  standards  of  weights  and  measures. 

Of  course,  the  individual  gain,  economically,  in  private  work- 
shop standardization  is  acknowledged  great  to  the  producer 
for  it  tends  towards  interchangeability  of  working  parts,  lessens 
maintenance  charges  and  stores;  crystallization,  however,  which 
would  tend  to  impede  and  in  some  cases  stultify  progress  must 
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be  jealously  guarded  against  if  monopolies  are  to  be  avoided 
and  the  purchaser  is  not  to  be  deprived  of  the  benefit  of  competi- 
tive effort  and  inventive  genius.  If,  therefore,  through  some  com- 
prehensive centralized  body,  the  users  and  producers  alike  can 
be  persuaded  to  accept  an  agreed  standard,  the  community 
interests  of  buyer  and  seller  are  thereby  realized  and  a  high  aver- 
age eflBciency  secured.  Generally  speaking,  satisfactory  stand- 
ardization, whether  national  or  international,  has  usually  been 
arrived  at  not  by  one  section  of  the  community  imposing  its 
opinions  on  the  other,  but  rather  as  the  result  of  co-operative 
action  on  the  part  of  all  concerned. 

Experience  has  clearly  shown  that  such  procedure  does  not 
lower  the  standard,  but  if  anything  tends  rather  to  raise  it. 
It  reflects,  in  effect,  the  consensus  of  opinion  as  to  what  consti- 
tutes best  modem  practise.  Such  standardization  is  only  ar- 
rived at  by  common  consent  of  the  governed  who  take  full 
part  in  the  discussions  and  in  the  initiating  and  working  out 
of  the  actual  details  of  the  specifications  to  be  recommended  for 
public  use.  This  is  one  of  the  chief  reasons  why  the  work  of 
the  Engineering  Standards Committeeof  Great  Britain  isso  widely 
adopted — because  of  the  utmost  care  which  is  taken,  at  the  very 
outset,  to  insure  that  all  who  have  or  could  possibly  have  any 
interest  in  the  proposed  standardization  shall  have  an  adequate 
representation  on  the  Committee  drafting  the  recommendation. 
This  representation  is  usually  effected  through  the  recognized 
societies  and  associations  of  the  particular  engineers  or  trades 
concerned.  Such  methods  register  the  views  of  the  experts 
in  manufacture  as  well  as  those  intimately  acquainted  with  the 
conditions  under  which  machinery  and  apparatus  are  employed 
in  every  day  service. 

Undoubtedly,  mutual  concession  and  ultimate  agreement 
between  the  parties  interested  tend  towards  uniformity  of  prac- 
tise, avoidance  of  waste,  elimination  of  harsh  and  unnecessary 
conditions,  and  last,  but  by  no  means  least,  bring  about  a  feeling 
of  mutual  confidence,  such  as  could  not  be  realized  by  isolated 
action  on  the  part  of  either,  however  honorable  and  straight- 
forward it  may  be. 

Again,  though  much  time  and  labor  be  occupied  in  preparing 
such  standard  specifications,  additions  and  emendations  de- 
manded by  experience  and  new  developments  must  be  provided 
for,  and  consequently,  the  specifications  must  be  reviewed 
annually  and  thus  eliminate  undesirable  stereotyping  of  pro- 
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of  the  laws  of  electrotechnics,  that  the  rules  which  form  the 
basis  of  technical  specifications  and  consequently  of  commercial 
contracts,  should  be  as  free  as  possible  from  ambiguity  and 
complications,  yet  at  the  same  time  sufficiently  definite  and 
comprehensive  to  insure  a  satisfactory  means  of  comparison 
between  the  machine  supplied  and  the  standard. 

The  problem  is,  however,  more  intricate  than  that  of  dealing 
with  simple  pieces  of  mechanism,  for  it  involves  the  consideration 
of  the  peculiar  properties  of  the  materials  forming  the  essential 
portions  of  the  machine.  For  instance,  the  conductivity  of  the 
copper  or  the  permeability  of  the  iron  can  be  measured  with 
substantial  accuracy  and,  what  is  more  important  still,  without 
the  portion  tested  being  destroyed  or  damaged.  The  mechanical 
strength  of  the  materials  also  can  be  estimated  with  sufficient 
accuracy  from  the  result  of  definite  and  easily  carried  out  tests 
on  samples  of  the  materials,  with  almost  complete  assurance 
that  the  bulk  material  will  have  the  same  properties  and  therefore 
behave  in  the  same  way  as  the  samples  tested.  These  partic- 
ular properties  are,  in  fact,  of  such  a  nature  that  they  can  be 
specified  with  precision,  and  moreover,  are  not  appreciably 
affected  by  the  elements  of  time.  When  the  question  of  the 
insulating  materials,  however,  is  considered,  the  problem  is 
of  course,  very  different,  and  one  can  but  acknowledge  that 
owing  to  their  inherent  properties,  the  insulating  materials 
employed  at  present,  come  into  an  entirely  different  category. 
They  are  governed  by  no  well-defined  laws,  as  in  the  case  of 
the  copper  and  iron,  their  properties  are  variable  and  alter 
largely  for  very  small  changes  in  the  conditions  of  manufacture, 
as  well  as  those  under  which  they  are  employed  in  the  completed 
machine.  The  resistance  they  offer  to  the  passage  of  the  current 
constantly  changes,  and  tests  on  samples  are,  therefore,  not 
very  satisfactory,  as  varying  the  length  of  the  test  may  give 
results  differing  considerably  in  magnitude.  One  of  the  most 
important  problems,  therefore,  is  the  settling  of  the  limits 
which  it  is  considered  necessary  to  impose  in  order  to  insure 
that  the  principal  causes  of  destruction  of  the  insulating  materials, 
the  heating  combined  with  the  time  element,  shall  be  kept 
well  within  safe  limits. 

A  clear  distinction  exists  between  an  * 'international  standard 
of  quality"  and  an  "international  rating."  The  international 
acceptance  of  the  former  has  already  been  brought  about  by 
the  adoption,  by  the  I.  E.  C,  at  its  Berlin  meeting  in  September, 
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1913,    of  certain  limits  of  observable  temperature  applying  to 
the    materials  in  general  use  today.     But  these  limits  do  not 
ofTer    a  means  of  comparing  directly  machines  from  various 
sources,  since  they  would  not  necessarily  have  the  same  tem- 
perature rise.     No  international  decision  has  yet  been  arrived 
at   in    regard  to  the  value  of  the  cooling-air  temperature  to  be 
associated  with  the  upper  limits  already  adopted,  the  commis- 
sion wisely  preferring  to  adhere  to  its  rule  of  not  taking  action  on 
any  important  question  except  on  a  four-fifths  majority  of  the 
countries  registering  their  votes.     The  wisdom  of  this  procedure 
has   been    amply    justified   on   more   than   one   occasion,   and 
although  the  advent  of  the  war  has  unfortunately  resulted,  in 
so   far   as  international   standardization  is  concerned,  in  what 
might  be  termed  a  state  of  suspended  animation,  there  is  every 
reason  to  anticipate  that  the  delay    thus  enforced    will    not 
adversely  affect  the  solution  of  this  particular  problem. 

However,  there  are  very  good  grounds  for  hoping  that  the 
temperature  rise  recognized  as  standard  in  America  and  Great 
Britain  will  ultimately  be  accepted  throughout  the  world. 

It  is  evident  also  that  the  standardization  rules  in  use  in  the 
various  countries  will  tend  to  grow  less  divergent  in  proportion 
as  the  work  of  the  I.  E.  C.  progresses,  and  although  the  inter- 
national rules  are  not  intended  to  supplant  those  employed 
locally,  they  cannot  fail,  when  issued,  to  be  of  material  assistance 
to  buyers  and  sellers  of  all  nationalities.    In  addition  to,  or  rather 
collaterally  w-ith,  the  rating  of  machinery,  the  I.  E.  C,  through 
properly  constituted  special  committees,  has  under  consideration 
several  other  matters  which  come  under  the  general  heading 
of    nomenclature   and  symbols.      The  work  accomplished,   so 
far,  in  these  directions,  may  by  some,  be  considered  somewhat 
academical,  but  it  should  not  be  overlooked  that  international 
symbols,  if  widely  adopted  as  they  deserve  to  be,  will  greatly 
assist  in  the  reading  of  foreign  technical  works,  and  that  inter- 
national   agreement    in    regard    to    nomenclature,    immensely 
difficult  as  it  is,  and  calling  for  so  much  personal  sacrifice  of 
long-cherished  conditions,  will  be  of  the  greatest  value  to  the 
industry  generally.     Also  the  subject  of  graphical  symbols  for 
electrical  plans  now  being  studied  will  be  of  considerable  assist- 
ance in  foreign  tenders.     Experience  shows  that    the    utmost 
caution  is  necessary  in  all  international  questions,  and  that 
nothing  is  to  be  gained  by  forcing  a  vote  on  a  point  not  yet 
ripe  for  decision.     One  may  hope  with  confidence  that  when 
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The  erroneous  and  misleading  impression  that  has  so  long  pre- 
vailed in  the  minds  of  many  people  throughout  the  land  who 
have  not  studied  the  problem  carefully  and  which  has  been  re- 
flected in  the  views  of  our  Congressmen,  that  water  powers  are 
very  cheap  and  enormously  profitable,  is  being  gradually  dis- 
sipated and  the  facts  are  'becoming  known.  Congress  needs 
only  to  learn  the  facts  to  act  upon  them  in  an  effective  and  patri- 
otic way  with  the  same  singleness  of  ptirpose  with  which  we 
would  apply  otirselves  to  an  enterprise  for  a  client.  But  the 
feeling  that  water  power  development  is  abnormally  profitable 
to  the  promoter  is  deep  rooted  and  of  long  standing.  It  still 
prevails  in  many  quarters.  Some  Congressmen  believe  that 
the  interests  of  the  public  are  in  some  way  different  from  or 
antagonistic  to  those  of  the  investor  and  that  it  is  their  duty  to 
safeguard  the  people's  cause  by  driving  a  bargain,  so  to  speak, 
with  capital  and  by  trying  to  see  how  little  they  can  do  to  induce 
investors  to  put  their  money  into  hydroelectric  enterprises. 
It  would  be  unfortunate  if  the  government  which  is  seeking  to 
have  its  resources  developed  by  private  enterprise  without  con- 
tributing its  credit  or  assuming  any  risks  whatever  should  adopt 
a  policy  which  will  just  not  accomplish  the  desired  result  by 
reason  of  over  zeal  in  attempting  to  drive  a  bargain  with  the 
investor  who  is  in  no  way  whatever  obligated  to  supply  funds 
for  such  enterprises. 

George  R.  Smith:  Since  going  to  Congress  I  have  given  this 
subject  consideration  from  the  view  point  of  the  public  as  well 
as  the  investor.  I  take  it,  from  what  I  have  heard  tonight,  we 
do  not  all  look  at  it  from  the  view  point  of  the  capitalist,  the 
man  who  invests  his  money.  Now,  I  agree  with  you  that  there 
should  be  certainty  of  tenure,  and  there  should  be  certainty 
of  a  reasonable  retiun  on  the  investment.  I  would  say,  in  view 
of  what  little  I  have  done  in  the  way  of  helping  along  legislation 
that  if  the  members  of  this  Institute  are  ashamed  of  the  sort 
of  legislation  which  is  before  Congress  for  its  consideration,  as 
is  indicated  by  statements  made,  that  they  have  another  guess 
coming,  that  there  is  nothing  quite  so  bad  as  some  of  the  remarks 
would  indicate.  ^ 

Ever  since  the  veto  of  the  James  River  Bill  we  have  been 
trying  to  get  legislation  through  Congress  that  would  protect 
the  public  and  at  the  same  time  protect  the  investor,  and  up  to 
the  present  time  we  are  just  as  far  away  from  that  as  we  were 
when  we  started.  I  think  that  the  Shields  Bill  is  no  better, 
possibly  no  worse  than  previous  bills  that  have  been  introduced 
on  the  subject. 

'  I  want  to  leave  this  thought  with  you.  Mr.  Dunn  put  his 
finger  on  the  sore  spot  when  he  said  that  public  utilities  could  be 
regulated  by  commissions, — but  he  failed  to  say  what  kind  of 
commissions.  Mr.  Hugh  L.  Cooper  appeared  a  little  over  a 
year  ago  before  a  committee  of  the  House  of  Representatives, 
having  under  consideration  the  Adamson  Water  Power  Bill, 
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which  is  similar  to  the  Shields  Bill  and  stated  that  he  was  afraid 
of  state  legislators  and  state  legislattires  because  he  had  seen 
so  many  awful  things  committed  by  them  but  had  absolute 
confidence  in  members  of  Congress  and,  therefore,  was  in  favor 
of  Congress  enacting  a  law  that  would  authorize  the  Secretary 
of  War  to  regulate  the  price  and  service  of  hydroelectric  energy. 

A  few  weeks  ago  in  an  article  in  the  OuUook,  when  the  Shields 
Bill  was  under  consideration  in  the  Senate,  Mr.  Cooper  said 
that  public  utility  commissions  created  by  state  legislatures  will 
afford  all  the  protection  that  is  necessary  for  the  public  and 
favored  state  regulation  of  hydroelectric  companies.  I  wish 
Mr.  Cooper  could  understand  when  he  appears  before  Congress 
at  a  time  when  we  are  seriously  considering  a  piece  of  legislation 
which  is  so  necessary  as  a  thoroughgoing  water  power  bill. and 
makes  a  statement  along  one  line  and  then  in  a  short  time  after- 
wards makes  a  statement  in  the  press  diametrically  opposed  to 
the  one  he  made  before  Congress,  that  he  cannot  be  expected 
to  be  taken  seriously.  We  understand  that  Mr.  Cooper  has 
shifted  his  position,  but  we  are  not  quite  so  clear  as  to  his  motive. 

There  is  a  great  deal  of  suspicion  abroad  concerning  the  motives 
of  representatives  of  capital  who  are  advocating  water  power 
legislation;  some  of  it  is  unfounded  and  some  of  it  has  a  good 
foundation,  a  very  good  foundation.  Now,  going  back  to  the 
matter  that  I  wish  to  call  your  attention  to,  I  will  say  that 
you  have  got  to  permit  hydroelectric  plants  to  combine  in  order 
to  operate  them  economically.  Every  man  who  knows  anything 
about  the  subject  at  all,  knows  that  that  is  one  of  the  funda- 
mental principles  of  economy  in  dealing  with  hydroelectric 
plants.  In  some  cases  a  number  of  these  plants  have  com- 
bined, a  very  considerable  number,  and  the  moment  plants  located 
in  different  states  are  combined,  state  utility  commissions 
cannot  regulate  them  because  the  cturent  becomes  interstate. 

In  Minnesota  we  are  about  to  receive  power  from  Wisconsin 
where  there  is  a  large  power  plant  supplying  power  to  various 
projects.  At  the  present  time,  Minneapolis,  gets  its  ciurent  from 
Taylor  Falls  on  the  state  boundary  line  between  Minnesota  and 
Wisconsin.  How  can  a  Minnesota  Commission  regulate  current 
generated  in  Wisconsin  and  brought  into  our  state?  How  can 
it  tell  what  is  a  fair  rate  under  that  situation?  How  can  it 
inspect  the  books  of  a  plant  located  in  Wisconsin,  which  sells 
power  to  the  Consumers'  Power  Company  located  in  Minnesota? 
The  Minnesota  Commission  has  jurisdiction  as  to  how  much 
the  Consumers*  Power  Company,  which  is  nothing  more  or  less 
than  a  distributing  company,  pays  for  its  current  but  it  has  no 
way  of  determining  whether  the  price  paid  by  the  Consumer's 
Power  Company  to  the  Wisconsin  company  is  a  fair  and  reason- 
able charge,  and,  therefore,  is  unable  to  determine  what  would 
be  a  fair  and  just  rate  to  patrons  of  the  Consumers'  Power  Com- 
pany. 

Nothing  short  of  a  Federal  Commission  authorized  to  work  in 
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conjunction  with  state  commissions  will  meet  the  sittiation  which 
I  have  called  attention  to.  Besides,  under  a  Federal  Conmiission, 
the  work  now  being  done  by  the  Secretary  of  War,  the  Secretary 
of  Interior  and  the  Secretary  of  Agriculture,  could  be  brought 
under  a  single  head  thus  effecting  a  great  saving  to  the  govern- 
ment and  assuring  efficient  regulation  which  would  rebound  to 
the  benefit  of  the  investor  and  the  consumer. 

The  moment  that  the  promoters,  the  investers,  the  engineers 
and  the  associations  that  are  giving  their  time  to  this  subject 
come  to  Congress  with  a  fair  proposition,  fair  to  the  public  and 
fair  to  the  investor.  Congress  will  join  hands  with  them  in 
working  out  an  efficient  law.  Congress  is  looking  for  light,  it  is 
looking  for  information.  Members  of  Congress  are  also  anxious 
to  know  why  they  are  persecuted  for  daring  to  offer  any  objection 
to  impending  legislation  that  is  offered  by  what  is  known  as  the 
water  power  monopoly. 

Why,  we  know  and  you  know  better  than  I  do,  that  the  water 
power  interests  of  this  country  are  controlled  by  a  very  few  men, 
the  whole  policy  is  dictated  by  a  very  few  men.  Mr.  J.  P. 
Morgan  of  New  York  City  is  one  of  the  leadingfactors,  and  the 
General  Electric  Companies  is  the  great  big  institution,  with 
its  subsidiaries,  that  controls  the  situation.  I  do  not  object 
to  the  monopoly  because  the  development  of  hydroelectric  power 
economically  is  a  natural  monopoly.  The  thing  I  object  to  is 
the  refusal  on  the  part  of  those  owning  the  monopoly  to  admit 
that  there  is  a  monopoly  and  I  object  to  their  attempt  to  deceive 
the  public  as  to  the  existence  of  such  a  monopoly,  in  order  to 
defeat  legislation  having  for  its  purpose  the  control  and  regu- 
lation of  such  a  monopoly. 

Mr.  Cooper  says  in  his  atrticle  in  The  OuUook,  that  it  is  not 
a  monopoly — he  laughs  at  the  idea,  he  scoffs  at  it —  and  yet  we 
know  it  is  a  monopoly.  Why  do  the  water  power  interests  try  to 
deceive  the  public?  What  can  be  their  purpose?  Under  such 
a  condition  of  affairs  is  it  surprising  that  members  of  Congress 
as  well  as  the  public,  look  with  suspicion  upon  any  suggestion 
coming  from  owners  of  this  monopoly.  But  as  long  as  the  water 
power  interest  suppress  the  facts  concerning  the  monopolistic 
tendencies  of  hydroelectric  development.  Congress  of  the  United 
States  cannot  be  blamed  for  its  refusal  to  be  rushed  off  its  feet 
in  the  consideration  of  water  power  legislation. 

D.  B.  Rushmore:  I  need  not  say  that  I  came  here  absolutely 
as  an  individual.  I  came  here  in  my  capacity  as  a  member  of 
the  Institute,  and  as  a  man  who  has  spent  his  life  on  water 
power  developments,  and  I  will  be  frank  with  some  of  my 
experiences.  I  have  never  lost  money  to  any  extent  in  any- 
thing else  except  water  power  development.  I  have  had  a  gen- 
tleman in  New  York  tell  me  that  he  has  had  in  one  autumn  sixty- 
six  men  who  controlled  water  powers  locally  and  also  men  from 
different  countries  come  to  him  and  ask  him  to  help  them  to 
raise  money  for  those  water  power  enterprises.     Now,  there  is 
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one  waterpower,  not  very  far  from  New  York,  in  which  the  man 
who  controlled  it  for  years  was  a  friend  of  a  friend  of  mine. 
This  friend  happened  to  call  at  our  office,  and  he  was  turned 
over  to  me.  He  had  the  right  to  a  waterpower  and  wanted  to 
raise  money  to  finance  it,  but  could  not  do  it.  He  had  been 
working  on  it  for  years  and  no  one  would  take  it  up.  I  had 
a  friend  of  mine  look  it  up  and  he  said  it  was  no  good,  that 
it  wotild  not  pay,  that  it  did  not  have  a  market.  The  proposi- 
tion was  finally  taken  to  Chicago  to  people  who  were  somewhat 
familiar  with  it.  I  know  they  had  a  difficult  time  raising  the 
money,  people  did  not  want  to  go  into  it,  they  said  it  did  not 
look  gocJd  to  them.  The  only  place  they  could  go  to  raise  the 
money  was  to  bankers  familiar  with  the  project.  In  my  exper- 
ience as  an  engineer  I  have  always  seen  the  pressure  come  from 
the  other  side.  I  presume  there  are  in  New  York  every  year 
hundreds  of  men  who  control  complete  situations  trying  to  raise 
the  money  for  them.  If  you  talk  to  a  man  who  does  not  know 
anything  about  a  waterpower,  he  will  not  listen  to  you.  It 
seems  to  me  there  has  been  a  great  misconception  about  this 
matter. 

Mr.  Dunn  has  dealt  with  bankers  and  knows  the  difficulties 
of  raising  money  and  in  my  opinion  his  paper  will  add  very  much 
to  the  beneficial  result  of  our  meeting  here.  Mr.  Townley's 
discussion  can  also  be  brought  to  the  attention  of  those  who  are 
in  any  way  interested  in  this  very  broad  and  important  sub- 
ject. The  financing  of  water  powers,  as  Mr.  Townley  said, 
very  truly,  is  dependent  on  us.  Would  any  of  us  invest  our 
money  in  them.  I  know  a  couple  of  bond  brokers  who  sell  bonds 
in  the  Mohawk  Valley.  They  go  into  Amsterdam  and  offer  to 
sell  farmers  public  utility  and  water  power  bonds,  and  what 
the  farmers  pay  for  the  bonds  depends  on  the  conditions  on 
which  the  water  power  can  be  installed  and  operated.  The 
banker  goes  around  and  gathers  up  various  opinions  and  finds 
out  what  the  people  will  take  the  bonds  for. 

The  time  is  here  for  a  new  era  of  publicity.  We  are  all  afraid 
of  the  things  we  do  not  know — what  is  behind  the  doors  and 
what  is  not  brought  out  is  always  largely  open  to  suspicion. 
Take  the  public  into  your  confidence,  work  with  the  public, 
put  the  cards  right  down  on  the  table  before  the  public  and  show 
them  just  what  you  have. 

Oscar  T.  Crosby:  The  political  problems  confronting  us  in 
the  development  of  oiu*  water  powers  are  these: 

First,  to  what  extent  shall  the  authority  of  the  general  govern- 
ment, as  distinguished  from  that  of  the  several  states,  determine 
the  location,  physical  construction  and  physical  operation  of 
water  power  plants? 

Second,  what  authority  shall  control  the  financial  operations 
of  water  power  companies,  including  in  this  phase  the  control 
of  rates? 

Third,  assuming  these  two  questions  as  settled  in  one  way  or 
another,  what  principle  should  underlie  the  control  of  rates. 
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eviction,  and  similarly  the  profits  of  a  water  power  do  not  begin 
until  after  the  bond  interest,  which  is  rent  for  the  borrowedmoney, 
has  been  paid  under  similar  penalty  of  eviction  by  the  foreclosure 
of  the  mortgage.  The  holders  of  the  bonds  have  no  interest 
in  the  profits  of  the  development.  Their  returns  are  set  by  the 
prevailing  rate  of  interest  in  the  bond  market,  and  not  by  the 
prosperity  of  the  enterprise.  They  get  their  returns,  in  theory 
at  least,  whether  there  are  profits  or  not.  It  is  true  that  bond 
interest  is  sometimes  in  default,  but  the  holders  have  the  right 
to  take  possession  of  the  pledged  property,  foreclosing  and 
recouping  themselves  out  of  the  proceeds  of  its  sale  for  both 
principal  and  defaulted  interest.  It  is  partly  by  regarding  bond 
interest  as  profit  that  the  impression  that  water  powers  are  very 
profitable  has  gained  acceptance. 

It  is  natural  for  a  spectator  surveying  a  hydroelectric  develop- 
ment to  gain  the  impression  that  the  power  comes  from  the  water, 
which,  costing  nothing,  should  render  the  power  cheap.  It  is 
evident  to  a  spectator  that  outside  of  bond  interest  the  oper- 
ating expenses  of  a  water  power  are  relatively  very  low,  being 
in  our  typical  case  only  22.5  per  cent  of  the  total,  which  includes 
ample  allowance  for  depreciation,  taxes  and  insurance.  But 
so  much  of  a  dam  is  in  hidden  foundations  and  in  parts  under 
water  and  so  much  of  the  long  transmission  line,  rights-of-way 
and  power  house  and  substations  is  out  of  view  to  a  spectator,  that 
even  though  he  be  liberally  inclined  towards  the  deserts  of  capital, 
he  constantly  underestimates  the  amotmt  of  capital  invested  and 
neglects  to  include  in  his  conception  of  the  cost  of  the  power, 
adequate  charges  for  the  service  of  this  capital. 

Business  men  know  that  profits  depend  not  only  upon  excess 
of  price  over  cost  of  product,  but  on  "  turn-over—",  which  is  the 
ratio  of  aggregate  sales  to  capital. 

If  we  compare  a  steam-electric  with  a  hydroelectric  power  of 
the  same  capacity  in  both  of  which  the  selling  price  of  a  horse 
power-hour  is  the  same,  we  must  permit  out  of  this  selling  price 
a  greater  proportion  of  gross  profit  in  the  hydroelectric  or  we 
cannot  yield  the  same  return  to  capital,  since  there  is  three 
times  the  capital  to  be  served.  In  other  words,  there  is  only 
one-third  of  the  *'  turn-over  ".  The  activity  of  capital  in  a 
hydroelectric  plant  is  very  low,  much  lower  than  in  a  steam 
station,  and  much  lower  than  in  almost  all  other  branches  of 
industry  such  as  manufacturing. 

Certain  public  service  commissions  have  hampered  water 
powers  by  not  recognizing  the  distinction  between  bond  interest 
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as  a  compulsory  expense  paid  as  the  rent  for  money  loaned,  and 
dividends  as  an  earned  reward  for  the  risk  of  the  business  and 
skill  in  management.  They  have  in  effect  ruled  that  the  total 
return  for  bond  interest  and  dividends  together  must  be  limited 
to  a  certain  amount — eight  per  cent  in  the  recent  decisions  in 
California.  The  result  of  this  in  attempting  to  secure  new 
capital  at  a  time  when  bond  interest  rates  are  tending  to  rise  is 
going  to  be  the  same  as  if  a  grocer,  when  his  rent  is  raised  because 
of  improvement  in  the  opportunities  of  the  neighborhood,  should 
be  ordered  to  accept  smaller  profits  in  order  to  keep  the 
total  of  his  rent  and  profits  the  same  as  before.  If  he  were  free, 
he  would  decline  to  do  business  under  such  conditions,  and  if  not 
free  his  plight  would  be  a  warning  to  others. 

There  has  been  considerable  discussion  about  the  length 
of  term  for  a  permit  or  franchise  after  which  recapture  clauses 
can  take  effect,  and  those  interested  in  water  power  are  not  agreed 
seemingly  because  of  difference  in  approach  to  the  problem  rather 
than  difference  in  conviction  as  to  the  effect  of  certain  pro- 
visions. 

For  a  simple  water  power  unrelated  to  others  and  not  expected 
to  grow,  a  fifty-year  term  might  at  first  sight  seem  long  enough  to 
remove  from  influencing  the  raising  of  capital,  discussions  con- 
cerning the  favorable  or  unfavorable  developments  final  to  the 
term.  Those'who  are  less  concerned  over  final  conditions  are 
often,  although  sometimes  unconsciously,  relying  upon  the  ex- 
treme improbability  of  the  exercise  of  the  right  of  recapture, 
with  such  loss  as  it  might  involve. 

B  lit  ten  years  of  the  fifty  would  often  run  between  the  granting 
of  a  permit  and  the  time  a  bond  issue  was  put  out  and  construc- 
tion conunenced,  and  three  years  more  would  often  run  before  op- 
eration began,  so  that  the  recapttu-e  conditions  might  indeed  come 
within  the  life  of  a  forty-year  bond  and  have  a  sentimental,  if 
no  other,  effect  upon  its  acceptability  and  price. 

But  growth  is  a  characteristic  of  successfully  located  and 
successfully  managed  water  powers,  and  ten  years  after  the  com- 
pletion of  construction  perhaps  the  development  of  a  second  loca- 
tion further  up  stream  by  the  same  company  becomes  desirable. 
While  a  fifty-year  permit  for  the  new  development  may  have  no 
disadvantages,  the  new  bonds  of  the  company  must  take  into 
view  the  approaching  expiration  of  the  permit  on  the  first  develop- 
ment, which  now  is  only  27  years  off,  and  by  the  time  a  three- 
year  period  of  construction  of  the  second  development  is  com- 
pleted, will  be  only  24  years  off. 
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We  now  reach  a  time  when  it  becomes  of  the  highest  import- 
ance to  know  just  what  the  conditions  and  effect  of  recapture 
will  be.  If  we  are  successfully  to  solicit  capital  for  our  new 
venture  and  if  we  are  to  continue  to  be  able  to  invite  iftdustries 
to  locate  and  develop  in  our  territory,  building  extensive  fac- 
tories and  communities  in  the  security  of  long-term  power  con- 
tracts, the  possible  recapture  of  the  original  development  must 
contemplate  taking  over  not  only  the  dam  site,  which  is  all 
certain  proposed  laws  have  included,  but  the  transmission  lines, 
substations,  steam  auxiliaries  and  all  appurtenances  and  adjuncts 
that  make  the  development  an  operating  whole.  The  existing 
power  contracts  and  all  other  contractual  obligations  of  the 
development  should  also  be  part  of  the  obligation  of  recapture. 

In  default  of  this  the  application  for  new  capital  will  be  unsuc- 
cessful, because  there  will  be  feared  a  limitation  of  opportunity 
and  a  disorganization  of  the  management,  possible  liability  for 
unfulfilled  contracts  and  possible  loss  from  recapture  at  a  depre- 
ciated physical,  instead  of  a  fair,  value. 

If  recapture  is  to  be  on  terms  involving  a  known  definite  loss — 
in  several  bills  reversion  of  dam  and  power  house  without  com- 
pensation has  been  proposed — ^an  appropriate  sinking  fund  must 
be  set  up  to  offset  this.  Suppose  such  a  sinking  fund  to  be  one 
per  cent  of  the  cost  of  the  original  development  and  to  be  set 
up  thirty  years  in  advance  of  the  expiration  of  the' permit.  This 
1  per  cent  expense  seems  small ;  but  if  we  consider  that  the  total 
return  on  the  cash  cost  is  not  likely  to  average  over  10  per  cent, 
of  which,  for  purpose  of  illustration,  7  per  cent  may  be  regarded 
as  bond  interest  and  3  per  cent  as  profits,  the  1  per  cent  sinking 
fund  for  the  amortization  of  the  loss  of  recapture  would  absorb 
one-third  of  the  profits  of  those  owning  the  equity  in  the  venture 
and  bearing  the  risks  and  earning  the  rewards  of  management. 

Reference  has  been  made  in  only  a  general  way  to  term  of 
permit  and  conditions  of  recapture  in  illustration  of  the  kind  of 
problems  these  questions  throw  into  the  path  of  promoters  and 
engineers  seeking  to  make  water  powers  attractive  to  capital. 

A  number  of  their  chief  impediments  are  removed  and  water 
powers  take  on  a  new  aspect  when  viewed  as  a  source  of  secondary 
power  in  addition  to  their  primary  power.  Capital  for  a  given 
output  greatly  diminishes,  market  is  rendered  more  stable, 
transmission  lines  are  cheapened,  since  industries  that  use 
secondary  power  can  locate  near  the  development,  and  the  cost 
of  such  secondary  power  manifests  itself  so  low  as  to  help  to 
restore  the  effective  competition  of  water  with  steam.  In  many 
cases  secondary  water  power  would  be  so  much  cheaper  than 
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FiG.  4 — Reversing  Mqtor  Dhiving  BLuo5H?»Cf  Mill  of  Ce>etkal  Steel 
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ELECTRICALLY  DRIVEN  REVERSING  MILL 
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The  largest  installation  at  present  in  operation  is  that  of  the 
Bethlehem  Steel  Co.  which  drives  the  35-in.  blooming  mill  at 
the  Lehigh  Plant.  Fig.  2  shows  the  motors  as  assembled  in  the 
shop  before  shipment.     Both  of  the  above  mentioned  installa- 


FiG.  3 — Schematic  Diagram  ok  Connections  of  Large  Reversing 

Mill    Drive 

OCIi  — oil  circuit  breaker  with  n<.»-voltaKe  and  overload  trip 

SR  — automatic  liquid  slip  regulator 

ACM  — alternating-current  wound-rotor  induction  motor 

DCG  — direct-current  separately-excited  i^enerators 

DCM  — direct-current  separately-excite«i  r'>ll  motors 

CB  — circuit  breakers — I  gencratcir  field — 2  main  i  ircuit 

R  — relay  for  operating  circuit  breaker  in  general  jr  fields 

FC  — field  controller 

F  — flywheel 

SE  — shunt  exciter  for  generator  and  roll  motor  fu-lris 

SfE  — roll  motor  exciter  the  field  of  which  is  soparaltly  exrilf  I  by  the  maic.  d-c.  circuit 

SACM  — alternating-current  siuirrci-cagc  inductiun  motor 

V  — voltmeter 

-4  — ammeter 

W  — wattmeter 


tions  have  double  motors  due  to  the  amount  of  power  required. 
The  machines  are  arranged  as  shown  by  diagram,  F'ig.  3.  A 
somewhat  similar  drive  is  installed  at  the  plant  of  the  Central 
Steel  Co.,  Massillon,  O.,  but  a  single  motor  is  used  for  driving 
the  mill,  the  capacity  of  the  motor  being  approximately  8000  h.p 
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lations,  on  the  basis  of  a  50  per  cent  load  factor,  would  be  very 
different  on  the  basis  of  a  100  per  cent  load  factor.  It  is  obvious 
from  a  consideration  of  the  figures  Mr.  Stillwell  gave  this  after- 
noon that  water  power  costs  become  relatively  more  favorable 
than  steam  power  costs  as  the  load  factor  increases,  and  vice 
versa;  and,  as  Mr.  Stott  pointed  out  this  afternoon,  there  is 
under  every  set  of  conditions  a  point  where  the  two  curves 
cross.  The  load  factor  of  electrochemical  plants  usually  lies 
well  above  that  point. 

There  is  one  corollary  which  is  not  usually  drawn  as  clearly 
as  it  should  be.  Mr.  Dunn  mentioned  some  of  the  favorite 
legislative  prescriptions  put  into  bills  in  connection  with  water 
power.  One  of  the  most  ridiculous  of  these,  which  occurs  in 
almost  every  bill  relating  to  water  power,  is  a  provision  that 
preference  in  the  distribution  of  such  power  shall  be  given  to 
municipal  and  similar  purposes.  In  other  words,  you  must 
provide  the  type  of  power  which  is  most  costly  to  develop  with 
those  particular  loads  which  have  the  worst  load  factor.  It  has 
been  sufficiently  pointed  out  today  that  for  that  kind  of  load, 
even  under  the  most  favorable  water  power  conditions,  a  steam 
plant  will  do  the  work  cheaper  and  better,  and  it  is  about  time 
that  we  got  it  out  of  the  heads  of  legislators  that  the  proper, 
decent  and  reasonable  thing  to  do  is  to  tie  a  water  power  plant 
preferably  to  those  loads  of  the  worst  possible  load  factor. 

In  connection  with  legislation  one  or  two  other  points  must 
be  considered.  There  is  the  question  of  taxation  of  water 
power  to  which  Mr.  Dunn  referred.  It  has  been  clearly  pointed 
out,  principally  in  Dr.  Whitney's  paper,  that  for  certain  electro- 
chemical processes,  particularly  for  the  fixation  of  nitrogen,  we 
have  got  to  have  power  at  much  cheaper  rates  than  at  present 
in  order  to  permit  their  development.  Specific  taxation  of 
water  power  is  not  likely  to  lead  in  this  direction;  it  simply 
makes  it  more  difficult  to  introduce  industries  which  the  country 
vitally  needs. 

Next,  as  regards  the  provision  that  water,  power  plants  shall 
revert  to  the  government,  say  at  the  end  of  50  years.  What 
about  the  consumptive  industries  that  have  sprung  up  around 
such  water  powers?  In  most  cases  where  artificial  restraints 
are  not  put  upon  distribution,  these  will  largely  be  electrochem- 
ical plants.  These  plants  will  be  useless  except  in  connection 
with  the  water  power  plants,  and  they  will  be  providing  supplies 
of  fundamental  importance  to  the  general  industries  of  the 
country.  The  investment  involved  in  these  electrochemical 
plants  will  be  at  least  as  great  as,  probably  considerably  greater 
than  the  investment  involved  in  the  water  power  plant  itself. 
That  is  a  matter  which  should  receive  very  careful  consideration 
— what  is  going  to  happen  to  these  plants,  to  the  investment 
they  represent,  and  to  the  industries  which  have  become  depend- 
ent on  their  products,  if  by  some  carelessly  drawn  reversion 
clause  they  are  liable  to  be  thrown  on  the  scrap  heap  at  the  end 
of  50  years? 
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Most  of  these  points  are  more  or  less  related  to  the  strictly 
electrochemical  side  of  the  question;  but  I  feel  very  strongly 
that  either  the  future  of  most  of  the  water  powers  in  this  country 
will  be  bound  up  with  electrochemical  industries,  or  there  will 
be  no  future  at  all  for  them. 

Lawrence  Addicks:  What  Mr.  Dunn  says  about  seasonal 
variation  puts  a  little  different  color  on  this  question  of  off-peak 
power.  I  have  been  thinking  of  diurnal  variation,  and  I  'think 
Mr.  Lidbury  was  in  what  he  said,  as  I  certainly  was  in  connection 
with  what  I  said  this  afternoon.  If  you  put  to  us  the  proposition 
what  we  shall  do  in  the  ten  months  of  the  year,  our  first  question 
is — what  do  you  mean  by  cheap  power?  Do  you  mean  $10  per 
h.p:  year  or  anywhere  near  that  figure? 

Gano  Dunn:    That  or  better. 

Lawrence  Addicks:  What  will  we  do  with  large  quantities  of 
power  at  $10  per  h.p.  per  year,  ten  months  a  year,  and  nothing 
for  the  rest  of  the  time?  That  requires  a  business  which  could 
be  carried  on  by  using  the  current  for  a  part  of  the  time,  and 
working  up  the  product  in  other  ways  the  rest  of  the  time,  and 
in  the  few  minutes  I  have  had  to  consider  the  matter,  I  can  not 
think  of  any  case  where  it  looks  inviting.  In  order  to  comply 
with  the  proposition  it  means  that  we  must  use  so  much  power 
in  the- business  that  the  cost  of  the  power  is  the  main  thing,  and 
we  will  do  anything  to  get  cheap  power  and  shut  down  the 
business  for  two  months  in  the  year,  during  that  time  paying 
fixed  expenses  and  salaries. 

One  of  the  industries  in  which  such  a  proposition  might  be 
considered  is  the  nitrogert ''industry  by  the  arc  process,  and  I 
think  it  would  ^  a  very  interesting  thing  to  consider.  We  are 
now  trying  to  get  the  government  to  consider  this  manufacture 
of  nitric  acid  from  the  air,  and  we  are  talking  of  subsidizing  the 
industry,  and  if  Mr.  Dunn  will  come  forward  with  a  proposition 
which  will  yield  very  cheap  power  ten  months  in  the  year, 
it  would  be  worth  considering.  The  arc  process  uses  about 
25,000  kw.  per  ton  of  100  per  cent  nitric  acid.  The  aluminum 
industry  is  another  which  might  be  considered  in  this  connection. 

John  H.  Finney:  The  answer  to  Mr.  Addick's  question  in 
connection  with  the  aluminum  business  is  perhaps  best  found 
in  the  fact  that  we  are  building  today  something  over  150,000 
h.p.  in  hydroelectric  power  for  the  manufacture  of  aluminum,  to 
work  twenty-four  hours  a  day,  and  365  days  in  a  year.  I  do  not 
believe  secondary  power,  even  for  ten  months,  would  interest 
an  organization  such  as  ours. 

I  should  like  to  comment  briefly  on  Mr.  Dunn's  paper.  The 
electrical  engineer  is  essentially  an  optimist.  That  may  not  be 
apparent  from  the  papers  read  today,  and  from  some  of  the  dis- 
cussions, but  if  he  were  not  an  optimist,  I  do  not  think  he  would 
be  found  here  today  talking  water  power.  If  he  were  not  an 
optimist,  he  would  be,  by  this  time,  thoroughly  discouraged  by 
the  stagnation  that  has  existed  for  the  last  eight  or  ten  years  in 


460  WATER  POWER  DEVELOPMENT  [April  26 

the  water  power  business.  If  he  were  not  an  optimist  he  would 
not  still  be  trying  to  "unlock"  as  President  Wilson  puts  it, 
this  great  natural  resource  and  this  tremendous,  though  latent, 
asset  towards  industrial  advancement  and  preparedness. 

The  purpose  of  the  meeting  of  the  American  Institute  of 
Electrical  Engineers  and  of  its  Water  Power  Committee  here 
today  was  to  call  attention  to  a  phase  of  hydroelectric  develop- 
ment that  seemingly  has  not  had  much  thought  by  legislators 
and  department  officials  who  deal  with  this  question. 

We  thought  it  might  be  helpful  to  stress  the  important  uses 
to  which  water  power  can  be  put  by  the  electrochemical  and 
similar  industries.  Congress  has  in  mind  the  value  of  water 
power  measured  by  its  public  utility  use  solely,  and  the  vast 
majority  of  the  water  powers  of  the  United  States  are  not  in  that 
class  and  never  will  be,  in  my  opinion. 

The  great  bulk  of  the  water  power  in  the  United  States  is 
only  available  for  what  might  be  termed  a  semi-public  use — 
a  so-called  private  use,  it  might  be,  of  the  electrochemical 
industries,  the  semi-public  use  of  power  for  pumping  water  on 
to  arid  lands;  serving  as  motive  power  in  the  electi^cation  of 
steam  railroads;  in  making  fertilizers,  or  in  making  nitrates 
for  explosives.  These  are  not,  strictly  speaking,  public  utility 
uses,  but  are  much  broader,  much  more  important,  in  that  the 
energy  creates  not  incandescent  lighting  for  instance,  but  the 
vastly  more  valuable  products  embraced  in  increased  trans- 
portation, or  increased  agricultural  production  or  new  and 
cheapened  products  of  the  electric  furnace  or  electric  bath. 

The  public  utility  use  of  water  poyver  is  mainly  that  of  using 
it  as  a  part  of  tjie  combined  water  and  steam  genera-ting  system 
and  therefore  it  might  be  no  particular  hardship  to  the  public 
service  company  to  have  a  given  water  power  taken  away  from 
it  at  the  end  of  a  fifty  year  period,  because  they  could  at  that 
time  substitute  a  steam  plant,  or  perhaps  another  water  power 
plant  if  it  were  in  reaching  distance  of  their  operations,  but  the 
great  mass  of  these  chemical  operations,  this  irrigation  work, 
this  electrification  of  steam  railways,  requires,  first,  cheap  power 
and  secondly  and  just  as  importantly,  it  requires  permanent 
power.  These  operations  require  power  in  perpetuity,  and  that 
is  another  thing  that  our  Congressional  friends  do  not  seem  to 
have  in  mind,  viz.  the  difference  between  permanent  use,  and 
permanent  rights.  Great  works  of  the  expensive  and  permanent 
character  required  for  the  development  of  water  power  cannot 
be  financed  with  the  expectation  or  suggestion  that  they  must 
be  abandoned  at  the  end  of  a  fifty  year  period,  or  that  money 
invested  in  them  is  subject  to  suspicion  and  to  grave  risk  of 
confiscation  in  whole  or  in  part. 

Permanent  works  are  built  to  supply  a  permanent  use  which 
so  far  as  we  can  now  see  will  always  be  performed  in  the 
same  way — whether  the  original  lessee  continues  to  perform  it 
or  another  lessee  or  the  Government  finally  performs  it,  does 
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2.  The  statement  that  the  modem  reversing  engine  uses 
no  more  steam  than  the  electric  drive  indicates  the  lack  of  knowl- 
edge of  what  the  electric  drive  requires.  So  that  there  can  be 
no  misunderstanding  on  this  point,  in  Tables    I  and  II  are  pro- 


TABLE  I.— STEAM     CONSUMPTION     OP    REVERSING    STEAM 

BLOOMING  MILL 
Pound?  of  Steam  vkr  Ton 


DRIVEN 


Sir.e 

Elonga- 

Lb. steam 

No. 

Ingot 

Bloom 

tions 

per  ton 

Remarks 

A 

20  by  22  in. 

7  by  6  in. 

9.04 

587 

Cold  ingot 

B 

20   "    22  in. 

7    "   6  in. 

9.04 

490 

Hot  ingot 

C 

20    "    22  in. 

7    "   6  in. 

9.04 

497 

Good  rolling 

D 

20    "    22  in. 

7    "    6  in. 

9.04 

520 

New  engineer 

E 

20    "    22  in. 

7    "    6  in. 

9.04 

518 

New  engineer 

P 

20    *'    22  in. 

7    •♦   6  in. 

9.04 

675 

Bad  rolling 

G 

20    "    22  in. 

7J   "   3J  in. 

15.1 

767 

New  engineer. 

H 

20    "    22  in. 

7i    "   3J  in. 

15   1 

610 

Good  manipulation 

I 

20    "    22  in. 

llf    "    3  in. 

10.75 

694 

New  engineer 

J 

20   "    22  in. 

Ill    "   3    in. 

10  75 

625 

Good  manipulation 

K 

18    "    32  in. 

23i    "   4 J  in. 

5   13 

522 

Good  rolling-cold 

L 

18    "    32  in. 

23}    "   4)  in. 

5.13 

423 

Good  rolling-hot 

M 

19    "    46  in. 

36 J    "    4}  in. 

4  63 

356 

Bad  lolling 

N 

19    "    46  in. 

36i    •*    41  in. 

4.63 

292 

Good  rolling 

TABLE  II.— STEAM     CONSUMPTION    OF    REVERSING    STEAM     DRIVEN 
BLOOMING  MILL 


Si 

ze 

Numbei   of 
elonga- 

Lb.  steam 

Lb.  steam 

per  ton  at 

tions 

pei  ton 

Ingot 

Bloom 

5-ElonR. 

9-ElonK. 

20  by  22  in. 

11}  by  3     in. 

11   5 

613 

4  44 

591 

20    "   22  in. 

7}    "    3i  in. 

l.^»  0 

600 

375 

505 

20    "   22  in. 

7      "    6     in. 

9  0 

iO.'i 

350 

4«»5 

18    "   32  in. 

23}    "   4*  in. 

5  0 

420 

420 

16    "32  in. 

29      "    5    in. 

3   25 

2  SO 

19    "   46  in. 

36 J    ••    4}  in 

4 .  75 

300 

18    "32  in. 

23 J    "    3     in. 

7  5 

410 

256 

duced  the  figures  from  a  paper  read  before  the  Engineers  Society 
of  Western  Penna.  by  Mr.  Karl  Nibecker  giving  the  results  of 
tests  on  a  reversing  en^nne.  This  en<;ine  is  one  of  the  most  modern 
installed  in  the  United  vStates  and  comparison  between  it  and 
the  electrically  driven  mill  can  be  justly  made.     It  will  be  noted 
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that  these  are  tests  of  single  ingots,  but  Table  I  shows  the  results 
of  a  series  of  six  ingots  rolled  from  the  same  size  bloom  from  which 
a  fair  average  can  be  obtained.  Table  III  gives  the  results  of 
tests  made  upon  electrically  driven  reversing  mills  which  are 
shown  graphically  in  Fig.  5.     These  figures  are  not  the  results 


TABLE  III. 
ELECTRICALLY  DRIVEN  REVERSING  MILL. 


Ingot 

Bloom 

Elongation 

h.p-hr.  per  ton. 

Remarks 

18  in.  round 

71  by  7<  in. 

4.00 

11   4 

High  carbon 

18  by  20  in. 

3    "  8  in. 

12.2 

23 

"         " 

18    "   20  in. 

2    "   16  in. 

9.2 

19.4 

Soft  steel 

18    "   20  in. 

4   "  4  in. 

18.5 

26 

17    "    15  in. 

4    "   4  in. 

16. 

24 

20    "   20  in. 

5    "   5  in. 

16. 

25  5 

20    "   20  in. 

8    "   8  in. 

0  25 

17. 

of  tests  of  individual  ingots  but  are  based  upon  the  power  con- 
sumption of  a  large  number  of  ingots  rolled  during  the  regular 
operation  of  the  mill  and  they  do  not  in  any  way  represent 
figures  made  under  ideal  test  conditions.  They  have  been 
obtained  by  reading  the  watt-hour  meter  in  the  line  supplying 
power  to  the  reversing  mill  equipment  including  all  losses  and 


TIMtS  ORIGINAL  LENGTH  TO  WHICH  STttL  IS  tLONGATED 


Fig.  5 — Curve    Showinc.    RelvVTIons    between    Input    to    Electric 
Driven  Reversing  Mill  and  Elong.\tion  op'  Steel  Rolled 

represent  the  total  power  required  to  drive  the  mill.  Fig.  6 
shows  the  steam  consumption  of  a  5000-kw^  turbine,  which  is 
a  common  size  in  steel  mills,  operating  under  the  same  steam 
conditions  as  the  steam-driven  reversing  mill.  These  steam 
conditions  are  not  altogether  ideal  for  a  turbine  as  a  higher 
pressure  and  superheat  might  be  used,  in  which  case  still  lower 
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represents  only  10  per  cent  of  the  fixed  charges  introduced  by 
banking  or  financing,  so  that  any  important  reduction  of  the 
cost  has  to  be  found  more  in  the  financial  end  than  in  the  engi- 
neering or  operating  part  of  the  proposition- 
Now,  what  would  you  say,  for  instance,  if  you  started  to 
manufacture  sulphuric  acid,  and  if  first  of  all  your  plant  is 
located  on  a  piece  of  leased  ground  where  you  are  compelled  to 
pay  such  an  exorbitant  rent  because  the  people  who  possess  the 
real  estate  have  to  get  rich  by  it,  and  then  when  you  purchase 
your  raw  materials,  another  set  of  people  have  to  levy  consid- 
erable profit  on  this,  while  you,  as  a  manufacturer,  would  have 
to  get  your  share  in  the  manufacturing  operations  after  being 
confronted  then  again  with  a  selling  agency  which  would  claim 
high  commissions,  until  finally  the  product,  after  getting  through 
the  hands  of  all  those  middlemen,  comes  in  the  hands  of  the 
consxmier  at  a  greatly  increased  cost.  The  up-to-date  sulphuric 
acid  manufacturer,  in  order  to  make  a  success  of  his  enterprise, 
begins  by  owning  land  or  real  estate,  and  he  secures  his  raw 
materials  directly,  and  when  it  comes  to  selling,  he  does  not 
have  to  go  through  the  additional  expense  of  middlemen.  There- 
fore, he  can  afford  to  deliver  his  sulphuric  acid  at  a  minimum 
cost.  Somehow,  we  have  not  yet  reached  that  point  in  the  util- 
ization of  our  water  powers.  It  is  true  that  in  some  cases,  none 
of  the  intermediaries  get  very  much  separately,  but  in  the  end, 
they  all  get  something,  and  these  expenses  are  multiplied  col- 
lectively until  they  sum  up  to  a  considerable  increase  in  the  cost 
of  power,  and  that  is  the  reason  why  our  water  powers  are  gen- 
erally so  much  more  expensive  than  they  are  in  some  other 
countries. 

The  remarks  of  Mr.  Dunn  are  correct,  that  our  capricious  and 
ill-digested  methods  of  legislation  on  the  subject  of  water  powers 
have  not  contributed  to  make  enterprises  of  the  kind  more 
inviting,  and  this  has  raised  the  rates  of  interest  at  which  money 
could  be  borrowed  for  this  class  of  enterprise. 

On  the  other  hand,  we  are  told  that  in  Germany  or  some 
other  European  countries,  there  is  no  opposition  between  pri- 
vate enterprises  and  the  government,  such  as  has  existed  of  late 
in  this  country.  I  should  point  out  that  this  matter  was  dis- 
posed of  by  the  very  fact  that  in  many  instances,  the  German 
government  has  run  these  public  service  enterprises  as  a  mon- 
opoly or  has  become  a  partner  in  them.  For  instance,  there  is 
no  struggle  between  railroad  companies  in  Germany  and  the 
German  government  for  the  reason  that  the  German  government 
owns  and  runs  the  railroads. 

A  short  time  ago,  in  studying  the  taxation  system  of  Germany, 
I  found  that  the  earnings  of  the  government  railroads  paid 
about  40  per  cent  of  the  total  expenditures  of  the  German  govern- 
ment, and  the  general  taxes  of  the  country  are  reduced  by  this 
amount.  In  other  cases  of  public  service  enterprises,  like  mines, 
etc.,  the  government  became  an  important  partner  in  the  enter- 
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prise,  and  in  this  way,  succeeded  in  controlling  easily  these 
enterprises  from  within,  instead  of  trying  to  curb  them  by 
drastic  legislation  from  without. 

I  do  not  say  that  we  should  copy  these  methods.  I  merely 
want  to  point  out  where  we  are  laboring  under  difficulties 
which  might  be  removed  if  some  way  could  be  devised  by  which 
the  government  could  enter  into  efficient  cooperation  with 
these  enterprises.  Some  of  the  privately  owned  public  enter^ 
prises  in  this  country,  I  am  sorry  to  say,  have  not  always  been 
carried  out  in  the  interest  of  the  stockholders  who  had  invested 
their  money  in  these  properties,  and  this  too  is  a  very  important 
reason  why  capital  has  become  shy  and  wants  increased  inter- 
est rates  so  as  to  make  up  for  any  contingencies  of  failure  aside 
from  fear  of  disturbing  legislation.  This  undoubtedly  has 
raised  the  fixed  interest  charges  for  any  similar  enterprises 
which  might  have  to  be  launched. 

In  England,  canals  which  once  were  privately  owned,  were 
subsequently  bought  up  by  railroads  and  they  proceeded  to  take 
great  care  that  the  canals  could  not  be  used  in  competition  with 
the  privately  owned  railroad  enterprises.  In  this  country,  we 
have  become  so  "socialistic"  as  to  have  canals  which  belong  to 
the  state.  I  understand  that  in  Germany,  all  the  canals  are 
owned  by  the  government,  and  I  know  that  they  are  kept  in  the 
most  splendid  condition  of  efficiency  and  the  government  can 
afford  to  maintain  and  improve  them  even  if  such  action  is  in 
direct  competition  to  the  operation  of  its  own  railroads. 

In  general,  there  is  a  great  difference  in  efficiency  in  any  country 
when  enterprises  or  the  details  of  government  are  run  by  engi- 
neers and  experts  instead  of  by  politicians. 

Mr.  Gano  Dunn,  a  year  ago,  in  this  city  of  Washington, 
advanced  the  idea  that  an  engineer  should  never  mix  in  matters 
of  government  administration.  I  told  him  at  that  time,  that  I 
disagreed  with  him.  Then  after  his  interesting  paper  today, 
I  disagree  still  more,  because  he  has  proved  by  his  own  example 
the  versatility  of  our  engineers. 

We  are  encountering  quite  some  difficulty  in  the  problems  of 
government  of  this  nation.  But  we  should  not  be  too  impatient. 
These  matters  are  straightening  themselves  steadily — only  a 
pessimist  can  deny  this.  We  are  confronted  in  this  country 
with  entirely  new  problems  which  have  to  be  treated  in  new  ways. 
These  problems  are  considerably  complicated  by  the  immense 
and  rapid  growth  of  our  Republic.  The  fact  is  that  this  country, 
as  it  grows  larger  and  larger  cannot  keep  on  being  run  in  the 
easy-going  ways  of  a  mining  camp.  We  have  come  to  a  point 
where  we  have  to  change  our  methods,  and  in  this  we  have  to 
do  some  experimenting,  just  as  we  are  doing  in  our  chemical 
industries.  If  it  were  not  for  direct  experimenting,  our  chemical 
industries  could  never  have  made  progress.  We  are  very  lucky 
if,  only  once  in  awhile,  some  of  those  experiments  are  successful, 
and  we  do  not  count  so  much  the  ones  which  have  been  unsuc- 
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cessful  as  long  as  we  make  headway.  These  problems  cannot 
be  solved  by  a  general  formula,  inflexible  and  everlasting.  Fur- 
thermore, whenever  we  discuss  these  problems,  we  are  apt  to 
be  carried  away  by  one  single  point  of  view  or  another  and  on 
this  account,  we  frequently  exaggerate  one  single  feature  by 
looking  at  it  from  one  standpoint.  This  is  the  mistake  of  most 
of  our  politicians.  When  we  talk  about  these  matters,  let  us 
discuss  them  like  engineers.  Let  us  use  quantitative  argumenta- 
tion and  let  us  impress  those  of  our  friends  in  Congress  or  the 
Senate  who  are  really  willing  to  learn  that  we,  at  least,  can  look 
at  the  situation  with  a  due  sense  of  proportion  by  using  quanti- 
tative arguments  and  not  be  overawed  by  merely  quaUtative 
considerations. 

C.  G.  Atwater:  The  point  I  want  to  discuss  is  contained  in 
the  first  sentence  of  the  summary  in  Mr.  Whitney's  paper, 
namely,  that  the  United  States  has  no  adequate  source  of  fixed 
nitrogen.  I  think  that  point  is  open  to  some  question.  Further 
along  the  paper  makes  an  exception  of  the  gas  and  coke  in- 
dustry. 

I  presume  that  Mr.  Whitney  in  writing  the  paper  did  not 
consider  the  dimensions  of  these  industries  nor  the  present 
conditions  that  prevail  in  them.  As  a  matter  of  fact,  so  far 
from  there  being  no  source  of  fixed  nitrogen,  there  is  being  pro- 
duced every  year  in  this  country  from  the  carbonization  of 
coal  to  make  coke  about  750,000  tons  of  sulphate  of  ammonia, 
or  equivalent  to  that.  That  figures  up  pretty  nearly  to  our  whole 
consumption  of  fixed  nitrogen.  It  is  not  all  being  recovered, 
but  it  is  a  source  known  to  be  open  for  the  recovery  of  thatamount. 
There  is  at  present  being  recovered  of  that  amount  about  220,000 
tons  of  sulphate  of  ammonia  per  year. 

That  is  a  very  fair  proportion,  but  Jt  is  being  largely  increased. 
The  development  of  the  coking  industry  that  has  come 
with  the  present  abnormal  conditions,  though  largely  from  the 
natural  growth  of  the  iron  and  steel  business,  has  brought 
about  very  nearly  the  doubling  of  that  industry,  potentially, 
within  the  last  few  months;  that  is  to  say,  contracts  have  been 
let  for  some  2600  coking.ovens  which  will  produce  about  150,000 
tons  of  sulphate  of  ammonia  per  year. 

Now,  as  you  will  see,  that  is  very  far  from  the  country  being 
in  a  position  of  having  no  adequate  source  of  fixed  nitrogen. 

I  do  not  wish  to  make  these  suggestions  from  the  point  of 
view  of  checking  or  discouraging  water  power  development, 
but  when  you  come  to  figure  these  things  out  and  deal  with 
our  friends  the  bankers  and  others,  these  points  will  have  to 
be  considered. 

There  is  a  tremendous  increase  under  way  in  the  by-product 
coke  ovens,  as  I  have  said,  and  it  will  amount  to  more  than  I 
have  stated,  because  I  have  only  referred  to  ovens  actually 
under  contract.  There  are  2000  or  3000  more  under  consider- 
ation.    The  business  of  recovering  the  by-products  wasted  in 


466  WA  TER  PO  WER  DE  VELOPMEN  T  [  April  22 

coal  is  being  rapidly  developed  to  somewhere  near  the  position 
which  it  should  occupy.  TTiat  is  also  being  applied  to  the  re- 
covery of  nitric  acid.  It  will  be  possible  to  convert  ammonia 
from  coke  ovens  into  nitric  acid.  There  is  no  question  also 
that  the  development  of  the  coke  ovens  will  contribute  toluol 
and  other  substances  essential  in  time  of  war. 

Calvert  Townley:  I  had  an  opportunity  some  fifteen  months 
ago  of  visiting  the  nitrate  pampas  of  Chile  and  of  inspecting 
the  methods  used  for  getting  out  this  valuable  product.  It 
may  interest  you  if  I  say,  that  I  was  impressed  with  the  possi- 
bility of  very  greatly  cheapening  that  product  to  the  ultimate 
consumer. 

We  must  remember  that  for  a  long  term  of  years  the  Chilean 
nitrates  practically  had  a  monopoly,  that  is  to  say,  the  output 
of  Chilean  nitrates  so  largely  exceeded  that  of  any  other  similar 
products  that  the  competition  of  such  products  was  unimportant. 
The  nitrate  earth  of  Chile  was  very  rich  and  to  work  it  was 
very  profitable,  no  matter  how  inefficient  might  be  the  methods 
of  extracting  the  nitrate,  consequently  the  processes  were  crude 
in  many  respects,  and  the  operators  did  not  seek  for  the  econom- 
omies  which  might  have  been  practised  if  the  pressure  of  com- 
petition had  been  severe.  I  am  not  a  chemist  but  it  was  appar- 
ent even  to  me,  as  it  would  have  been  to  any  engineer,  that  there 
were  possibilities  of  material  improvement  in  the  economy 
of  the  production  of  nitrate. 

When  I  was  there,  owing  to  the  European  war  the  industry 
was  prostrate.  Only  about  30  per  cent  of  the  plants  in  the 
country  were  in  operation,  and  these  were  running  on  part 
time  only.  Some  30,000  laborers  had  been  thrown  out  of  employ- 
ment, and  I  never  saw  a  more  discotu-aged  and  disheartened 
set  of  men  than  the  operating  officials  who  had  to  do  with  this 
industry.  They  did  not  know  what  was  going  to  happen  next. 
One  thing  which  had  happened  was  that  they  were  studying 
to  improve  processes  for  the  extraction  of  nitrate,  and  it  is 
usually  a  safe  prediction  that  when  a  body  of  men  who  have 
been  interested  in  an  industry  for  a  long  time  have  sufficient 
incentive  to  make  improvements  they  will  make  them  provided 
there  is  any  considerable  margin  to  work  on. 

Before  the  war  the  Chilean  government  received  some  60 
per  cent  of  its  annual  revenues  from  export  duty  on  this  nitrate 
which  amounted,  in  round  figures,  to  about  $11  a  ton.  It  is 
an  arbitrary  duty  which  of  course  can  be  changed,  and  be- 
cause the  industry  was  then  almost  prostrate  the  question 
of  modifying  this  duty  was  being  discussed.  If  artificial  pro- 
cesses for  getting  fixed  nitrogen  should  be  established  on  a 
scale  large  enough  to  jeopardize  the  Chilean  industry  it  is  only 
a  fair  prediction  that  the  Chilean  government  will  reduce  its 
export  duty. 

There  is  still  a  third  direction  from  which  a  reduction  in  the 
cost  of  nitrate  may  come.    The  cost  of  transportation — bringing 


1016]  DISCUSSION  AT  WASHINGTON  467 

the  Chilean  nitrates  from  the  pampas  where  are  the  mines  and 
reduction  mills  to  the  American  market,  has  been  abnormally 
high.  None  of  the  reasons  for  this  fact  are  fundamental;  they 
are  all  more  or  less  the  result  of  monopoly  or  of  limited  facilities 
and  the  cost  is  consequently  subject  to  future  reduction  should 
the  transportation  agencies  be  improved  or  competition  become 
severe. 

The  very  live  possibility  that  our  country  may  become  in- 
volved in  war  and  the  pressing  need  of  providing  for  such  a 
contingency  should  not  blind  us  to  the  fact  that  we  have  lived 
many  years  at  peace  with  the  world  and  are  likely  to  so  continue 
— therefore  no  plan  for  producing  nitrogen  will  be  economically 
sound  which  is  not  comn\ercially  practicable  under  peace  con- 
ditions. While  the  quantity  of  nitrate  in  Chile  has  been  seriously 
depleted  it  is  still  sufficient  to  supply  the  world  for  years  to  come 
and  its  early  exhaustion  can  therefore  by  no  means  be  counted 
upon.  This  means  that  any  cost  for  power  which  we  may  now 
estimate  to  be  low  enough  to  permit  the  artificial  fixation  of 
nitrogen  in  competition  with  the  natural  salts,  may  have  to 
be  radically  revised  downward  later  on.  That  furnishes  another 
reason  why  we  must  make  every  possible  effort  to  cut  down  our 
power  costs.  On  the  other  hand,  of  course  all  of  the  processes 
for  the  fixation  of  nitrogen  as  now  known  are  relatively  new  and 
susceptible  of  much  improvement.  I  understand  that  not  more 
than  15  or  20  per  cent  of  the  electrical  energy  required  by  the 
arc  process  is  actually  used  in  the  fixation  of  nitrogen.  Perhaps 
some  of  my  chemical  friends  will  correct  me  if  I  am  wrong. 

L.  H.  Baekeland:    It  is  2.5  per  cent. 

Calvert  Townley:  Well,  it  is  worse  than  I  thought  it  was. 
That  being  the  case,  is  it  not  fair  to  assume  that  with  the  bril- 
liant minds  which  are  at  work  on  this  problem  a  great  improve- 
ment is  likely  to  result?  May  we  not  hope  that  the  processes 
will  be  so  improved  that  the  industry  can  prosper  with  very 
much  greater  power  costs?  A  process  with  an  efficiency  of 
2.  5  per  cent  which  could  live  and  pay  $7.60  per  h.p.  per  year  could 
presumably  do  quite  as  well  with  a  $22.50  h.p.  if  the  efficiency 
could  be  raised  to  7.5  per  cent.  One  way  to  have  tKe  processes 
improved  is  to  get  people  into  the  business.  We  all  know  that 
there  is  no  teacher  like  experience,  that  necessity  is  the  mother 
of  invention,  and  that  if  we  can  get  not  one,  but  a  dozen,  or 
fifteen,  or  twenty,  or  even  a  hundred  corporations  interested 
and  competing  with  the  hope  of  ultimate  profit,  such  competition 
will  bring  out  the  best  efforts  of  the  brightest  minds.  The  result 
will  be  that  in  this  industry,  as  it  has  been  in  every  other  industry 
with  which  electricity  has  been  connected,  the  efficiency  will 
rise  and  costs  will  go  down,  making  it  possible  to  use  power  at 
a  cost  which  now  is  entirely  out  of  the  question. 

Those  are  to  my  mind  important  reasons  why  we  should  set 
ourselves  earnestly  to  the  task  of  getting  this  industry  on  a  basis 
where  it  can  go  ahead. 
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erator  does  not  furnish  power  to  any  other  apparatus  except  the 
roll  mill  motor.  The  voltage  should  be  of  such  a  value  as  will 
give  the  best  balanced  equipments  and  the  choice  of  voltage 
becomes  a  very  important  factor  as  the  design  of  the  entire 
equipment  may  be  said  to  depend  in  a  great  measure  upon  the 
voltage  selected. 

The_use  of  250  volts  has  been  common  practise  in  rolling 
mills  and  it  is  natural  that  this  voltage  should  be  considered. 
However,  for  large  capacities,  there  are  many  objections  to  so 
low  a  voltage,  among  which  may  be  mentioned  heavy  currents, 
large  commutators,  larger  machines,  lower  efficiencies,  increased 
cost  of  auxiliary  apparatus,  higher  maintenance  charges  and 
increased  mechanical  difficulties. 

The  magnitude  of  the  current  becomes  a  factor  when  the 
power  required  on  peak  loads  may  reach  15,000  to  20,000  h. p., 
and  not  only  are  the  connections,  cables  and  switching  apparatus 
expensive,  but  the  losses  in  these  parts  are  roughly  proportional 
to  the  currents.  The  approximate  cost  of  these  parts  will  vary 
inversely  as  the  voltage. 

The  size  of  commutators  and  the  number  of  brushes  will  be 
a  direct  function  of  the  current  and  it  is  desirable  to  keep  down 
the  size  of  the  commutators  from  at  least  three  points  of  view 
— mechanical  difficulties  of  construction,  over-all  length  and 
cost.  No  part  of  a  direct-current  machine  is  so  difficult  to  con- 
struct as  is  the  commutator,  and  for  this  reason  the  construc- 
tion of  commutators  has  received,  and  will  continue  to  receive 
the  most  careful  consideration  from  both  the  design  and  the  man- 
ufacturing points  of  view.  So  all  important  is  the  commutator 
and  the  commutation  that  when  these  are  right,  there  is  seldom 
any  cause  for  complaint.  Increased  voltage  not  only  reduces 
commutator  length,  but  insures  less  overall  length — an  extremely 
desirable  factor. 

The  efficiency  of  the  equipment  as  a  whole  will  be  higher 
with  increase  of  voltage  within  certain  limits,  as  in  such  installa- 
tions the  peak  loads  are  relatively  high  as  compared  with  the 
average  or  mean  load. 

The  commutating  condition  of  the  generator  is  one  of  the 
items  which  must  be  carefully  considered  in  the  selection  of 
voltage,  especially  as  economies  can  be  effected  by  operating 
the  flywheel  set  at  a  reasonably  high  speed.  It  is  desired  to 
consider  whether  a  generator  can  be  designed  better  for  one 
voltage  than  for  another,  and  what  is  a  safe  operating  speed  for 
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One  thing  capital  looks  for  is  earning  capacity,  and  another 
thing  is  stability.  Nearly  all  enterprises  can  get  capital  at  some 
price  because  there  is  an  abundance  of  it ;  but  when  any  project 
lacks  certainty  of  ample  earning  power  on  the  one  hand  or  stabil- 
ity on  the  other,  that  fact  will  be  reflected  at  once  in  the  price 
of  capital  which  will  demand  a  higher  return. 

One  thing  America  can  do  to  reduce  the  rent  of  the  capital 
which  water  powers  need,  is  to  remove  all  the  unnecessary 
handicaps  with  which  it  is  now  loaded  One  of  these  is  the  lack 
of  stability.  Warned  by  the  losses  suffered  in  the  past  by  many 
water  power  investors,  cautious  people  now  hesitate  to  incur 
similar  risks;  consequently,  the  source  of  capital  supply  is 
restricted  to  that  extent  and  a  higher  rental  prevails.  If  we 
can  eliminate  this  disability  capital  rental  will  fall  and  the  devel- 
opment of  the  water  powers  throughout  the  entire  length  and 
breadth  of  the  land  will  be  stimulated. 

One  speaker  referred  to  the  lower  price  of  money  abroad 
He  mentioned  the  paternalism  of  Germany  in  handling  their 
railroads  and  other  enterprises,  and  by  inference  at  least  drew 
a  comparison  unfavorable  to  American  bankers  and  their  sup- 
•  posed  unreasonable  demands.  As  far  as  my  information  goes 
there  is  no  more  ruthless  financier  than  this  same  German  banker. 
He  is  certainly  no  more  keen  to  lend  his  money  to  an  unprofitable 
enterprise,  or  at  a  lower  rate  of  interest,  on  account  of  patriotism, 
than  the  American  or  English  or  any  other  banker.  During 
my  tour  in  South  America,  I  learned  about  some  methods  of 
the  German  bankers  doing  business  in  those  countries.  I  found 
that  they  exacted  rates  of  interest  which  even  the  most  rapacious 
American  banker  would  not  think  of  asking  at  home.  They  did 
it  for  just  one  reason,  local  conditions  justified  the  rate  and  they 
charged  the  market  price  for  their  money.  They  could  get  it 
and  they  are  going  to  continue  to  get  it.  You  can  rest  assured 
that  when  a  foreign  banker  lends  his  money  to  hydroelectric 
enterprises  in  his  country  at  lower  rates  of  interest  than  the 
American  banker  does  in  the  United  States,  it  is  because  the 
foreign  investment  is  more  secure,  because  experience  shows 
that  the  foreign  government  is  going  to  protect  that  investment 
and  the  risk  of  loss  is  correspondingly  reduced. 

This  afternoon  Mr.  Stott  spoke  aJ)Out  the  low  cost  of  power 
from  steam  and  the  increasing  severity  of  the  cost  competition 
with  which  water  powers  had  to  contend.  The  more  I  study 
water  powers  the  greater  respect  I  have  for  steam  and  if  water 
power  is  to  prevail  at  all,  we  must  do  our  utmost  to  bring  its 
cost  down  to  the  lowest  possible  limit.  If  steam  can  get  down 
lower,  steam  will  be  used  and  water  power  will  not  be  developed'. 
But  every  time  the  cost  of  water  power  comes  down  a  little 
bit  its  use  is  broadened  and  a  certain  number  of  water  powers 
which  otherwise  could  not  be  commercially  developed  are  worthy 
of  consideration. 

That  is  the  task  to  which  I  think  we  should  address  ourselves. 
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The  erroneous  and  misleading  impression  that  has  so  long  pre- 
vailed in  the  minds  of  many  people  throughout  the  land  who 
have  not  studied  the  problem  carefully  and  which  has  been  re- 
flected in  the  views  of  our  Congressmen,  that  water  powers  are 
very  cheap  and  enormously  profitable,  is  being  gradually  dis- 
sipated and  the  facts  are  "becoming  known.  Congress  needs 
only  toleam  the  facts  to  act  upon  them  in  an  effective  and  patri- 
otic way  with  the  same  singleness  of  purpose  with  which  we 
would  apply  ourselves  to  an  enterprise  for  a  client.  But  the 
feeling  that  water  power  development  is  abnormally  profitable 
to  the  promoter  is  deep  rooted  and  of  long  standing.  It  still 
prevails  in  many  quarters.  Some  Congressmen  believe  that 
the  interests  of  the  public  are  in  some  way  different  from  or 
antagonistic  to  those  of  the  investor  and  that  it  is  their  duty  to 
safeguard  the  people's  cause  by  driving  a  bargain,  so  to  speak, 
with  capital  and  by  trjring  to  see  how  little  they  can  do  to  induce 
investors  to  put  their  money  into  hydroelectric  enterprises. 
It  would  be  unfortunate  if  the  government  which  is  seeking  to 
have  its  resources  developed  by  private  enterprise  without  con- 
tributing its  credit  or  assuming  any  risks  whatever  should  adopt 
a  policy  which  will  just  not  accomplish  the  desired  result  by 
reason  of  over  zeal  in  attempting  to  drive  a  bargain  with  the 
investor  who  is  in  no  way  whatever  obligated  to  supply  funds 
for  such  enterprises. 

George  R.  Smith:  Since  going  to  Congress  I  have  given  this 
subject  consideration  from  the  view  point  of  the  public  as  well 
as  the  investor.  I  take  it,  from  what  I  have  heard  tonight,  we 
do  not  all  look  at  it  from  the  view  point  of  the  capitalist,  the 
man  who  invests  his  money.  Now,  I  agree  with  you  that  there 
should  be  certainty  of  tenure,  and  there  should  be  certainty 
of  a  reasonable  return  on  the  investment.  I  would  say,  in  view 
of  what  little  I  have  done  in  the  way  of  helping  along  legislation 
that  if  the  members  of  this  Institute  are  ashamed  of  the  sort 
of  legislation  which  is  before  Congress  for  its  consideration,  as 
is  indicated  by  statements  made,  that  they  have  another  guess 
coming,  that  there  is  nothing  quite  so  bad  as  some  of  the  remarks 
would  indicate.  ^ 

Ever  since  the  veto  of  the  James  River  Bill  we  have  been 
trying  to  get  legislation  through  Congress  that  would  protect 
the  public  and  at  the  same  time  protect  the  investor,  and  up  to 
the  present  time  we  are  just  as  far  away  from  that  as  we  were 
when  we  started.  I  think  that  the  Shields  Bill  is  no  better, 
possibly  no  worse  than  previous  bills  that  have  been  introduced 
on  the  subject. 

'  I  want  to  leave  this  thought  with  you.  Mr.  Dunn  put  his 
finger  on  the  sore  spot  when  he  said  that  public  utilities  could  be 
regulated  by  commissions, — but  he  failed  to  say  what  kind  of 
commissions.  Mr.  Hugh  L.  Cooper  appeared  a  little  over  a 
year  ago  before  a  committee  of  the  House  of  Representatives, 
■•aving  under  consideration  the  Adamson  Water  Power  Bill, 
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which  is  similar  to  the  Shields  Bill  and  stated  that  he  was  afraid 
of  state  legislators  and  state  legislatures  because  he  had  seen 
so  many  awful  things  committed  by  them  but  had  absolute 
confidence  in  members  of  Congress  and,  therefore,  was  in  favor 
of  Congress  enacting  a  law  that  would  authorize  the  Secretary 
of  War  to  regulate  the  price  and  service  of  hydroelectric  energy. 

A  few  weeks  ago  in  an  article  in  the  Outlook,  when  the  Shields 
Bill  was  under  consideration  in  the  Senate,  Mr.  Cooper  said 
that  public  utility  commissions  created  by  state  legislatures  will 
afford  all  the  protection  that  is  necessary  for  the  public  and 
favored  state  regulation  of  hydroelectric  companies.  I  wish 
Mr.  Cooper  could  understand  when  he  appears  before  Congress 
at  a  time  when  we  are  seriously  considering  a  piece  of  legislation 
which  is  so  necessary  as  a  thoroughgoing  water  power  bill  and 
makes  a  statement  along  one  line  and  then  in  a  short  time  after- 
wards makes  a  statement  in  the  press  diametrically  opposed  to 
the  one  he  made  before  Congress,  that  he  cannot  be  expected 
to  be  taken  seriously.  We  understand  that  Mr.  Cooper  has 
shifted  his  position,  but  we  are  not  quite  so  clear  as  to  his  motive. 

There  is  a  great  deal  of  suspicion  abroad  concerning  the  motives 
of  representatives  of  capital  who  are  advocating  water  power 
legislation;  some  of  it  is  unfounded  and  some  of  it  has  a  good 
foundation,  a  very  good  foundation.  Now,  going  back  to  the 
matter  that  I  wish  to  call  your  attention  to,  I  will  say  that 
you  have  got  to  permit  hydroelectric  plants  to  combine  in  order 
to  operate  them  economically.  Every  man  who  knows  anything 
about  the  subject  at  all,  knows  that  that  is  one  of  the  funda- 
mental principles  of  economy  in  dealing  with  hydroelectric 
plants.  In  some  cases  a  number  of  these  plants  have  com- 
bined, a  very  considerable  number,  and  the  moment  plants  located 
in  different  states  are  combined,  state  utility  commissions 
cannot  regulate  them  because  the  current  becomes  interstate. 

In  Minnesota  we  are  about  to  receive  power  from  Wisconsin 
where  there  is  a  large  power  plant  supplying  power  to  v£irious 
projects.  At  the  present  time,  Minneapolis,  gets  its  current  from 
Taylor  Falls  on  the  state  boundary  line  between  Minnesota  and 
Wisconsin.  How  can  a  Minnesota  Commission  regulate  current 
generated  in  Wisconsin  and  brought  into  our  state?  How  can 
it  tell  what  is  a  fair  rate  under  that  situation?  How  can  it 
inspect  the  books  of  a  plant  located  in  Wisconsin,  which  sells 
power  to  the  Consumers'  Power  Company  located  in  Minnesota? 
The  Minnesota  Commission  has  jurisdiction  as  to  how  much 
the  Consumers'  Power  Company,  which  is  nothing  more  or  less 
than  a  distributing  company,  pays  for  its  current  but  it  has  no 
way  of  determining  whether  the  price  paid  by  the  Consumer's 
Power  Company  to  the  Wisconsin  company  is  a  fair  and  reason- 
able charge,  and,  therefore,  is  unable  to  determine  what  would 
be  a  fair  and  just  rate  to  patrons  of  the  Consumers'  Power  Com- 
pany. 

Nothing  short  of  a  Federal  Commission  authorized  to  work  in 
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conjunction  with  state  commissions  will  meet  the  situation  which 
I  have  called  attention  to.  Besides,  under  a  Federal  Commission, 
the  work  now  being  done  by  the  Secretary  of  War,  the  Secretary 
of  Interior  and  the  Secretary  of  Agriculture,  could  be  brought 
under  a  single  head  thus  effecting  a  great  saving  to  the  govern- 
ment and  assuring  efficient  regulation  which  would  rebound  to 
the  benefit  of  the  investor  and  the  consumer. 

The  moment  that  the  promoters,  the  investors,  the  engineers 
and  the  associations  that  are  giving  their  time  to  this  subject 
come  to  Congress  with  a  fair  proposition,  fair  to  the  public  and 
fair  to  the  investor,  Congress  will  join  hands  with  them  in 
working  out  an  efficient  law.  Congress  is  looking  for  light,  it  is 
looking  for  information.  Members  of  Congress  are  also  anxious 
to  know  why  they  are  persecuted  for  daring  to  offer  any  objection 
to  impending  legislation  that  is  offered  by  what  is  known  as  the 
water  power  monopoly. 

Why,  we  know  and  you  know  better  than  I  do,  that  the  water 
power  interests  of  this  country  are  controlled  by  a  very  few  men, 
the  whole  policy  is  dictated  by  a  very  few  men.  Mr.  J.  P. 
Morgan  of  New  York  City  is  one  of  the  leadingfactors,  and  the 
General  Electric  Companies  is  the  great  big  institution,  with 
its  subsidiaries,  that  controls  the  situation.  I  do  not  object 
to  the  monopoly  because  the  development  of  hydroelectric  power 
economically  is  a  natural  monopoly.  The  thing  I  object  to  is 
the  refusal  on  the  part  of  those  owning  the  monopoly  to  admit 
that  there  is  a  monopoly  and  I  object  to  their  attempt  to  deceive 
the  public  as  to  the  existence  of  such  a  monopoly,  in  order  to 
defeat  legislation  having  for  its  purpose  the  control  and  regu- 
lation of  such  a  monopoly. 

Mr.  Cooper  says  in  his  article  in  The  Outlook,  that  it  is  not 
a  monopoly — he  laughs  at  the  idea,  he  scoffs  at  it —  and  yet  we 
know  it  is  a  monopoly.  Why  do  the  water  power  interests  try  to 
deceive  the  public?  What  can  be  their  purpose?  Under  such 
a  condition  of  affairs  is  it  surprising  that  members  of  Congress 
as  well  as  the  public,  look  with  suspicion  upon  any  suggestion 
coming  from  owners  of  this  monopoly.  But  as  long  as  the  water 
power  interest  suppress  the  facts  concerning  the  monopolistic 
tendencies  of  hydroelectric  development.  Congress  of  the  United 
States  cannot  be  blamed  for  its  refusal  to  be  rushed  off  its  feet 
in  the  consideration  of  water  power  legislation. 

D.  B.  Rushmore:  I  need  not  say  that  I  came  here  absolutely 
as  an  individual.  I  came  here  in  my  capacity  as  a  member  of 
the  Institute,  and  as  a  man  who  has  spent  his  life  on  water 
power  developments,  and  I  will  be  frank  with  some  of  my 
experiences.  I  have  never  lost  money  to  any  extent  in  any- 
thing else  except  water  power  development.  I  have  had  a  gen- 
tleman in  New  York  tell  me  that  he  has  had  in  one  autimm  sixty- 
six  men  who  controlled  water  powers  locally  and  also  men  from 
different  countries  come  to  him  and  ask  him  to  help  them  to 
raise  money  for  those  water  power  enterprises.     Now,  there  is 
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one  waterpower,  not  very  far  from  New  York,  in  which  the  man 
who  controlled  it  for  years  was  a  friend  of  a  friend  of  mine. 
This  friend  happened  to  call  at  our  office,  and  he  was  turned 
over  to  me.  He  had  the  right  to  a  waterpower  and  wanted  to 
raise  money  to  finance  it,  but  could  not  do  it.  He  had  been 
working  on  it  for  years  and  no  one  would  take  it  up.  I  had 
a  friend  of  mine  look  it  up  and  he  said  it  was  no  good,  that 
it  would  not  pay,  that  it  did  not  have  a  market.  The  proposi- 
tion was  finally  taken  to  Chicago  to  people  who  were  somewhat 
familiar  with  it.  I  know  they  had  a  difficult  time  raising  the 
money,  people  did  not  want  to  go  into  it,  they  said  it  did  not 
look  good  to  them.  The  only  place  they  could  go  to  raise  the 
money  was  to  bankers  familiar  with  the  project.  In  my  exper- 
ience as  an  engineer  I  have  always  seen  the  pressure  come  from 
the  other  side.  I  prestmie  there  are  in  New  York  every  year 
hundreds  of  men  who  control  complete  situations  trying  to  raise 
the  money  for  them.  If  you  talk  to  a  man  who  does  not  know 
anjrthing  about  a  waterpower,  he  will  not  listen  to  you.  It 
seems  to  me  there  has  been  a  great  misconception  about  this 
matter. 

Mr.  Dunn  has  dealt  with  bankers  and  knows  the  difficulties 
of  raising  money  and  in  my  opinion  his  paper  will  add  very  much 
to  the  beneficial  result  of  our  meeting  here.  Mr.  Townley's 
discussion  can  also  be  brought  to  the  attention  of  those  who  are 
in  any  way  interested  in  this  very  broad  and  important  sub- 
ject. The  financing  of  water  powers,  as  Mr.  Townley  said, 
very  truly,  is  dependent  on  us.  Would  any  of  us  invest  our 
money  in  them.  I  know  a  couple  of  bond  brokers  who  sell  bonds 
in  the  Mohawk  Valley.  They  go  into  Amsterdam  and  offer  to 
sell  farmers  public  utility  and  water  power  bonds,  and  what 
the  farmers  pay  for  the  bonds  depends  on  the  conditions  on 
which  the  water  power  can  be  installed  and  operated.  The 
banker  goes  around  and  gathers  up  various  opinions  and  finds 
out  what  the  people  will  take  the  bonds  for. 

The  time  is  here  for  a  new  era  of  publicity.  We  are  all  afraid 
of  the  things  we  do  not  know — what  is  behind  the  doors  and 
what  is  not  brought  out  is  always  largely  open  to  suspicion. 
Take  the  public  into  your  confidence,  work  with  the  public, 
put  the  cards  right  down  on  the  table  before  the  public  and  show 
them  just  what  you  have. 

Oscar  T.  Crosby:  The  political  problems  confronting  us  in 
the  development  of  our  water  powers  are  these: 

First,  to  what  extent  shall  the  authority  of  the  general  govern- 
ment, as  distinguished  from  that  of  the  several  states,  determine 
the  location,  physical  construction  and  physical  operation  of 
water  power  plants? 

Second,  what  authority  shall  control  the  financial  operations 
of  water  power  companies,  including  in  this  phase  the  control 
of  rates? 

Third,  assuming  these  two  questions  as  settled  in  one  way  or 
another,  what  principle  should  underlie  the  control  of  rates, 
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Discussion  on  ^'Electric  Drive  for  Reversing  Rolling 
Mills"  (Wilfred  Svkes  and  David  Hall),  Cleveland, 
Ohio,  June  27,  1916. 

K.  A.  Pauly:  There  are  several  points  in  connection  with  this 
paper  by  Messrs.  Sykes  and  Hall  to  which  I  wish  to  refer  in  dis- 
cussion. One  of  the  first  points  which  is  worthy  of  attention  is 
that  of  the  rating  given  these  motors:  namely,  a  horse  power 
corresponding  to  the  maximum  torque  which  they  will  carry 
without  any  mention  of  the  time  during  which  they  will  carry 
the  load.  AH  will  agree  that  a  rating  on  this  basis  is  not  only 
contrary  to  the  recommendations  of  the  A.  I.  E.  E.,  but  is  very 
unsafe  for  the  purchaser  on  which  to  base  the  relative  capacities 
of  competitive  equipments  for  any  class  of  service.  That  the 
idea  of  so  rating  these  motors  is  a  new  one  will  become  apparent 
to  any  one  examining  the  publications  of  the  company  with 
which  the  authors  are  connected.  The  early  publications  showed, 
for  example,  3000  h.p.  as  the  capacity  for  the  motors  of  the  Steel 
Company  of  Canada  now  rated  at  10,000  h.p.  On  this  same 
basis,  any  one  of  the  6000-h.p.  motors  at  the  Gary  Works  of  the 
Illinois  vSteel  Company  might  be  rated  at  20,000  h.p. 

As  to  the  relative  merits  of  the  electrically  driven  reversing 
mill  and  its  steam  competitor,  it  is  difficult  to  discuss  a  question 
of  this  magnitude  in  generahties.  because  there  are  so  many 
factors  affecting  the  problem,  which  are  more  or  less  important, 
depending  upon  the  special  conditions  obtaining  in  individual 
cases.  However,  the  characteristics  of  motors  are  in  most  of 
the  essential  details  especially  adapted  to  rolling  mill  conditions. 
They  permit  of  the  centralization  of  the  steam  plant  and  the 
generation  of  power  in  high  speed,  highly  efficient  units.  The 
authors  have  made  the  mistake  frequently  found  in  comparing 
estimates  of  the  relative  operating  costs  of  steam  versus  other 
methods  of  drive.  Why  stop  with  the  steam  consumption,  when 
one  of  the  greatest  savings  results  from  the  increased  boiler 
efficiency  due  to  the  more  uniform  demand  for  steam  made  pos- 
sible by  the  use  of  the  fly-wheel  motor-generator  set  equalizing 
the  load  in  the  electrically-driven  mill.  Tests  would  indicate 
that  boiler  efficiencies  may  be  raised  twenty  per  cent  or  more 
by  relieving  the  boiler  of  these  excessive  demands  for  steam 
required  by  reversing  engines. 

My  experience  indicates  that  a  comparison  on  the  proper  basis 
including  all  the  items  of  first  cost,  chargeable  against  each 
method  of  drive,  would  show  little  if  anything  in  general  in  favor 
of  steam  equipment  in  first  cost,  and  will  always  show  the  elec- 
trically driven  mill  to  be  lower  in  operating  costs.  The  speed 
and  torque  characteristics  of  the  motors  are  ideal,  there  are  no 
tendencies  toward  excessive  speeds  when  the  piece  leaves  the 
rolls  and  the  motor  is  always  in  a  position  to  exert  its  maximum 
effort  when  the  maximum  power  is  required. 

The  figures  and  curves  of  power  consumed  in  rolling  given  by 
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As  a  citizen  of  the  United  States,  concerned  that  all  states, 
east  and  west,  should  be  in  the  same  relation  to  lands  within 
their  bounds,  I  should  be  loath  to  see  any  assumption  of  an 
imperium  in  imperio,  by  the  general  government,  because  it  holds 
as  trustee  certain  lands  in  certain  Western  States.  As  one 
easterner,  I  want  to  register  my  cession  of  title  in  these  lands  to 
the  people  of  the  states  within  which  they  live.  But  if  this 
battle  cannot  be  won,  then  it  may  at  least  be  compromised  by 
the  same  principle  of  co-operation  in  grants  that  has  just  been 
proposed  in  the  case  of  navigable  streams.  But  this  compro- 
mise should  go  no  further  than  is  required  for  determining  the 
physical  elements, — the  construction  elements — of  each  case. 

When  we  meet  the  matter  of  financial  control  in  all  its  aspects, 
I  am  firmly  convinced  that  the  states  alone  should  determine. 
Even  if  the  courts  shoidd  decide  that  the  general  government 
has  a  right  to  enter  this  field,  yet  would  I  contend  that  as  a  matter 
of  policy  it  should  not  enter  it. 

There  are  good  men  in  the  Washington  bureaucracy,  but  there 
are  few  efficient  bureaucracies  in  all  the  world.  Can  men*  be 
established  in  this  city  to  administer  wisely  through  subordinates 
the  distant  affairs  of  a  Califomian  hydroelectric  company? 
Will  it  be  a  bearable  burden  if  an  operator  in  Oregon  must 
communicate  with  Washington  in  all  those  intimate  ways  which 
have  been  made  familiar  to  us  by  the  Public  Utility  Commissions 
of  our  states?  Is  the  burden  not  now  heavy  enough  when  re- 
course must  be  had  in  so  many  matters  to  boards  sitting  in  state 
Capitols?  And  shall  we  have  in  the  same  state  one  control  for 
steam  plant  generation,  and  another  for  water  generation  of 
electricity?    What  confusion!    What  discouragement! 

Let  us  hope  that  this  madness  of  centralization  of  control 
in  Washington  will  pass. 

Let  us  now  consider  the  principles  of  control,  without  respect 
to  the  question  as  to  which  of  our  dual  sovereignties  is  to  exercise 
that  control. 

Men  invest  money  in  public  utilities,  not  in  order  to  charge 
particular  rates  for  service,  but  in  an  effort  to  earn  a  return  on 
the  capital  invested.  That  is  the  objective.  A  just  and  reason- 
able rate  is  a  rate  that  will  cause  money  and  energy  to  flow  into 
the  enterprise  which  performs  a  given  service,  whether  that 
service  be  the  sale  of  electric  energy  or  the  sale  of  bread  or  shoes. 

Then  since  it  is  right  that  there  should  be  control  of  monopolies 
and  since  public  utilities  are  necessarily  monopolies  (in  the  long 
run  and  in  respect  to  at  least  some  part  of  their  clientele),  let  this 
control  express  itself  in  contracts  relating  in  plain  terms  and 
in  specific  figures  the  return  on  capital.  Rates  may  then  be  left 
to  those  who  conduct  the  operations,  subject,  of  course,  to  the 
usual  common  law  rule  againsl  discriminatory  practises. 

These  contracts  as  to  return  on  capital  may  vary  very  widely 
from  case  to  case;  they  should  generally  be  on  a  sliding  scale 
basis,  providing  lower  returns  in  proportion  to  assured  success, 
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but  they  should  be  specific  and  clear.  Let  us  get  away  from 
the  unreasonable  "rule  of  reasonableness" — ^misrule  of  un- 
reasonableness— ^which  now  leaves  rates  and  returns  almost 
wholly  to  the  guess  of  conunissioners.  Most  of  them  are  good 
men,  but  good  men  are  not  always  wise  men,  and  even  wise 
men  shoidd  not  be  left  to  decide  vast  property  interests  without 
guiding  principles  which  put  all  parties  on  notice  as  to  their 
rights.  Let  us  recognize  that  the  inventor  has  destroyed  the 
old  common  law  rule  of  reasonableness,  which  was  the  rule  of 
custom.  Now  the  ferment  of  invention  has,  for  nearly  a  hundred 
years,  prevented  custom  from  taking  a  "permanent  set,"  and 
this  ferment  is  destined  to  continue.  Customary  rates  will 
not  be  established.  Contract  rates  may  be  fixed  to  a  limited 
extent,  chiefly  as  maxima.  But  there  is  no  difficulty  infixing 
returns  to  capital  on  a  sliding  scale  in  each  contract  for  a  public 
service. 

And  as  to  the  final  chapter,  the  possible  taking  over  of  a 
property  by  the  public,  we  hear  far  too  much  about  it.  The  old 
law  of  eminent  domain  seems  to  be  forgotten.  No  "perpetual 
franchise"  can  hold  against  the  right  of  the  government  to  take 
anything  it  wants.  No  fixed  term  franchise  can  hold  against 
that  right.  A  grant  of  today  may  be  taken  tomorrow.  But 
private  property  must  be  paid  for  if  thus  taken.  Now,  the  terms 
of  payment  may  be  fixed  far  in  advance,  or  may  be  left  to  a  jury 
at  any  time.  If  we  had  contracts  fixing  possible  (not  guaranteed) 
returns  on  capital,  those  contracts  interpreted  in  the  light  of 
actual  results  obtained  by  operation,  and  with  known  investment 
figures,  would  render  relatively  simple  the  now  fearsome  task 
of  fixing  a  condemnation  value. 

I  append  a  copy  of  the  bill  proposed  by  me  some  years  ago 
to  cover  the  matter  of  permits  for  water-power  construction. 

(See  proposed  bill  referred  to  by  Mr.  Crosby  in  hearing  before 
National  Waterways  Commission,  Washington,  November,  1911, 
pages  136  and  137.) 

Gano  Dunn:  I  want  to  do  service  to  a  friend  and  to  say  to 
the  Honorable  Congr^sman  that  he  understood  Mr.  Baekeland 
exactly  the  reverse  of  what  Mr.  Baekeland  meant  about  Congress. 
Mr.  Baekeland's  experience  has  been  the  same  as  that  of  all  the 
rest  of  us  when  we  came  down  here — we  have  been  received 
very  courteously  and  listened  to  with  such  attention  that  we 
have  been  made  to  feel  that  every  member  of  Congress  or  the  com- 
mittee we  have  gone  before  has  been  extremely  desirous  of 
drawing  out  all  the  facts.  This  has  caused  us  to  revise  some  of 
our  former  false  opinions  to  the  contrary. 

I  would  like  to  read  to  the  Congressmen  and  others  who  may 
be  interested,  the  official  policy  of  the  American  Institute  of 
Electrical  Engineers  in  regard  to  these  matters,  especially  in 
view  of  his  suggestion  that  we  develop  and  bring  out  a  bill  for 
specific  suggestions  as  to  how  water-powers  should  be  handled: 
"The  governing  body  of  the  Institute  has  continued  its  special 
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committee  (on  water  power)  in  consequence  of  these  successive 
invitations  in  view  of  the  apparent  appreciation  on  the  part  of 
the  government  that  the  services  rendered  by  the  American 
Institute  of  Electrical  Engineers  were  scientific  and  professional 
and  not  commercial  or  political,  that  its  committees  dealt  with 
fundamental  engineering  and  economic  principles  of  hydro- 
electric development  that  were  outside  the  field  of  controversy, 
and  that  the  function  of  the  Institute  being  scientific  and  pro- 
fessional, and  not  commercial  or  political,  its  status  was  one 
involving  a  high  degree  of  disinterestedness  in  respect  to  matters 
on  which  its  technical  advice  was  sought." 

Mr.  Baekeland  referred  to  an  address  which  I  had  the  honor 
of  making  before  the  Washington  Society  of  Engineers  some 
time  ago,  in  which  he  mistakenly  reported  me  as  saying  that 
engineers  ought  never  to  mix  in  politics  and  other  things.  What 
I  said  was  that  in  the  appointment  of  the  Naval  Advisory  Board, 
I  believed  for  the  first  time  in  history  the  engineer,  as  such, 
had  been  invited  to  sit  on  the  bench  of  Government  with  the 
statesman  and  co-operate  with  and  help  him;  but  I  also  said 
that  the  engineer  should  never  go  so  far  as  to  think  that  he  can 
take  the  place  of  the  statesman.  The  function  is  different  and 
requires  a  different  kind  of  man.  The  engineer  is  not  big  enough 
to  do  both  things,  and  if  we  appointed  an  engineer  as  Secretary 
of  State,  our  diplomacy  would  be  likely  to  suffer.  Therefore, 
I  feel  that  we  shotdd  stay  in  our  own  province  as  technical 
experts,  and  advise  about  the  things  we  know,  we  should  go 
before  the  various  committees  of  Congress  and  answer  inquiries 
about  these  things,  but  it  is  to  them  we  should  leave  the  other 
questions  of  what  bills  should  be  drawn  and  what  kind  of  political 
bodies  should  be  created  to  do  the  regulating  and  administering 
of  the  affairs  of  the  government  generally.  Something  toward 
this  aim  is  what  we  hoped  to  accomplish  in  organizing  this  meeting 
here  for  the  discussion  of  water-powers. 
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It  is  not  strange  that  many  years  ago  Huxley,  with  his  remark- 
*able  precision  of  thought  and  his  admirable  command  of 
language,  should  have  indicated  his  dissatisfaction  with  the 
terms  "pure  science"  and  "applied  science",  pointing  out  at 
the  same  time  that  what  people  call  "applied  science"  is  nothing 
but  the  application  of  pure  science  to  particular  classes  of  prob- 
lems. The  terms  are  still  employed,  possibly  because,  after  all, 
they  may  be  the  best  ones  to  use,  or  perhaps  our  ideas,  to  which 
these  expressions  are  supposed  to  conform,  have  not  yet  become 
sufficiently  definite  to  have  called  forth  the  right  words. 

It  is  not  the  purpose  of  this  address,  however,  to  suggest 
better  words  or  expressions,  but  rather  to  direct  attention  to 
certain  important  relations  between  purely  scientific  research  and 
industrial  scientific  research  which  are  not  yet  sufficiently  under- 
stood. 

Because  of  the  stupendous  upheaval  of  the  European  war 
with  its  startling  agencies  of  destruction — the  product  of  both 
science  and  the  industries — and  because  of  the  deplorable  unpre- 
paredness  of  our  own  country  to  defend  itself  against  attack, 
there  has  begun  a  great  awakening  of  our  people.  By  bringing 
to  their  minds  the  brilliant  achievements  of  the  membership 
of  this  Institute  in  electric  lighting  and  power  and  communica- 
tions and  by  calling  their  attention  to  the  manifold  achieve- 
ments of  the  members  of  our  sister  societies  in  mechanical  and 
mining  and  civil  engineering,  and  the  accomplishments  of  our 
fellow-workers,  the  industrial  chemists,  they  are  being  aroused 
to  the  vital  importance  of  the  products  of  science  in  the  national 
defense. 

Arising  out  of  this  agitation  comes  a  growing  appreciation 
of  the  importance  of  industrial  scientific  research,  not  only  as  an 
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aid  to  military  defense,  but  as  an  essential  part  of  every  industry 
in  time  of  peace. 

Industrial  research,  conducted  in  accordance  with  the  prin- 
ciples of  science,  is  no  new  thing  in  America.  The  department 
which  is  under  my  charge,  founded  nearly  forty  years  ago  to 
develop,  with  the  aid  of  scientific  men,  the  telephone  art,  has 
grown  from  small  beginnings  with  but  a  few  workers  to  a  great 
institution  employing  hundreds  of  scientists  and  engineers,  and 
it  is  generally  acknowledged  that  it  is  largely  owing  to  the  indus- 
trial research  thus  conducted  that  the  telephone  achievements 
and  development  in  America  have  so  greatly  exceeded  those  of 
other  countries. 

With  the  development  of  electric  lighting  and  electric  power 
and  electric  traction  which  came  after  the  invention  of  the  tele- 
phone, industrial  scientific  research  laboratories  were  founded 
by  some  of  the  larger  electrical  manufacturing  concerns  and  these 
have  attained  a  world-wide  reputation.  While  vast  sums  are 
spent  annually  upon  industrial  research  in  these  laboratories, 
I  can  say  with  authority  that  they  return  to  the  industries 
each  year  improvements  in  the  art  which,  taken  all  together, 
have  a  value  many  times  greater  than  the  total  cost  of  their 
production.  Money  expended  in  properly  directed  industrial 
research,  conducted  on  scientific  principles,  is  sure  to  bring  to 
the  industries  a  most  generous  return. 

While  many  concerns  in  America  now  have  well  organized 
industrial  research  laboratories,  particularly  those  engaged  in 
metallurgy  and  dependent  upon  chemical  processes,  the  manu- 
facturers of  our  country  as  a  whole  have  not  yet  learned  of  the 
benefits  of  industrial  scientific  research  and  how  to  avail  them- 
selves of  it. 

I  consider  that  it  is  the  high  duty  of  our  Institute  and  of  every 
member  composing  it,  and  that  a  similar  duty  rests  upon  all 
other  engineering  and  scientific  bodies  in  America,  to  impress 
upon  the  manufacturers  of  the  United  States  the  wonderful 
possibilities  of  economies  in  their  processes  and  improvements  in 
their  products  which  are  opened  up  by  the  discoveries  in  science. 
The  way  to  realize  these  possibilities  is  through  the  medium  of 
industrial  research  conducted  in  accordance  with  scientific 
principles.  Once  it  is  made  clear  to  our  manufacturers  that 
industrial  research  pays,  they  will  be  sure  to  call  to  their  aid 
men  of  scientific  training  to  investigate  their  technical  problems 
and  to  improve  their  processes.    Those  who  are  the  first  to  avail 
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themselves  of  the  benefits  of  industrial  research  will  obtain 
such  a  lead  over  their  competitors  that  we  may  look  forward  to 
the  time  when  the  advantages  of  industrial  research  will  be  recog- 
nized by  all. 

Industrial  scientific  research  departments  can  reach  their 
highest  development  in  those  concerns  doing  the  largest  amount 
of  business.  While  instances  are  not  wanting  where  the  large 
growth  of  the  institution  is  the  direct  result  of  the  care  which 
it  bestowed  upon  industrial  research  at  a  time  when  it  was  but 
a  small  concern,  nevertheless  conditions  to-day  are  such  that 
without  cooperation  among  themselves  the  small  concerns  can- 
not have  the  full  benefits  of  industrial  research,  for  no  one  among 
them  is  sufficiently  strong  to  maintain  the  necessary  staff  and 
laboratories.  Once  the  vital  importance  of  this  subject  is  appre- 
ciated by  the  small  manufacturers  many  solutions  of  the  problem 
will  promptly  appear.  One  of  these  is  for  the  manufacturer 
to  take  his  problem  to  one  of  the  industrial  research  laboratories 
already  established  for  the  purpose  of  serving  those  who  cannot 
afford  a  laboratory  of  their  own.  Other  manufacturers  doing 
the  same,  the  financial  encouragement  received  would  enable  the 
laboratories  to  extend  and  improve  their  facilities  so  that  each 
of  the  small  manufacturers  who  patronizes  them  would  in 
course  of  time  have  the  benefit  of  an  institution  similar  to  those 
maintained  by  our  largest  industrial  concerns. 

Thus,  in  accordance  with  the  law  of  supply  and  demand, 
the  small  manufacturer  may  obtain  the  benefits  of  industrial  re- 
search in  the  highest  degree  and  the  burden  upon  each  manu- 
facturer would  be  only  in  accordance  with  the  use  he  made  of  it, 
and  the  entire  cost  of  the  laboratories  would  thus  be  borne  by 
the  industries  as  a  whole,  where  the  charge  properly  belongs. 
Many  other  projects  are  now  being  considered  for  the  establish- 
ment of  industrial  research  laboratories  for  those  concerns  which 
cannot  afford  laboratories  of  their  own,  and  in  some  of  these 
cases  the  possible  relation  of  these  laboratories  to  our  technical 
and  engineering  schools  is  being  earnestly  studied. 

Until  the  manufacturers  themselves  are  aroused  to  the  neces- 
sity of  action  in  the  matter  of  industrial  research  there  is  no 
plan  which  can  be  devised  that  will  result  in  the  general  establish- 
ment of  research  laboratories  for  the  industries.  But  once 
their  need  is  felt  and  their  value  appreciated  and  the  demand 
for  research  facilities  is  put  forth  by  the  manufacturers  them- 
selves, research  laboratories  will  spring  up  in  all  our  great 
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centers  of  industrial  activity.  Their  number  and  character  and 
size,  and  their  method  of  operation  and  their  relation  to  the 
technical  and  engineering  schools,  and  the  method  of  their  work- 
ing with  the  different  industries,  are  all  matters  which  involve 
many  interesting  problems — problems  which  I  am  sure  will  be 
solved  as  they  present  themselves  and  when  their  nature  has 
been  clearly  apprehended. 

In  the  present  state  of  the  world's  development  there  is  nothing 
which  can  do  more  to  advance  American  industries  than  the 
adoption  by  our  manufacturers  generally  of  industrial  research 
conducted  on  scientific  principles.  I  am  sure  that  if  they  can 
be  made  to  appreciate  the  force  of  this  statement,  our  manufac- 
turers will  rise  to  the  occasion  with  all  that  energy  and  enter- 
prise so  characteristic  of  America. 

So  much  has  already  been  said  and  so  much  remains  to  be 
said  urging  upon  us  the  importance  of  scientific  research  con- 
ducted for  the  sake  of  utility  and  for  increasing  the  convenience 
and  comfort  of  mankind,  that  there  is  danger  of  losing  sight 
of  another  form  of  research  which  has  for  its  primary  object 
none  of  these  things.    I  refer  to  pure  scientific  research. 

In  the  minds  of  many  there  is  confusion  between  industrial 
scientific  research  and  this  purely  scientific  research,  particularly 
as  the  industrial  research  involves  the  use  of  advanced  scientific 
methods  and  calls  for  the  highest  degree  of  scientific  attainment. 
The  confusion  is  worse  because  the  same  scientific  principles  and 
methods  of  investigation  are  frequently  employed  in  each  case 
and  even  the  subject  matter  under  investigation  may  sometimes 
be  identical. 

The  misunderstanding  arises  from  considering  only- the  sub- 
ject matter  of  the  two  classes  of  research.  The  distinction  is 
to  be  found  not  in  the  subject  matter  of  the  research,  but  in  the 
motive. 

The  electrical  engineer,  let  us  say,  finding  a  new  and  unex- 
plained difficulty  in  the  working  of  electric  lamps,  subjects  the 
phenomenon  observed  to  a  process  of  inquiry  employing  scientific 
methods,  with  a  view  to  removing  from  the  lamps  an  objection- 
able characteristic.  The  pure  scientist  at  the  same  time  investi- 
gates in  precisely  the  same  manner  the  same  phenomenon,  but 
with  the  purpose  of  obtaining  an  explanation  of  a  physical 
occurence,  the  nature  of  which  cannot  be  explained  by  known 
facts.  Although  these  two  researches  are  conducted  in  exactly 
the  same  manner,  the  one  nevertheless  comes  under  the  head  of 
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industrial  research  and  the  other  belongs  to  the  domain  of  pure 
science.  In  the  last  analysis  the  distinction  between  pure  scien- 
tific research  and  industrial  scientific  research  is  one  of  motive. 
Industrial  research  is  always  conducted  with  the  purpose  of 
accomplishing  some  utilitarian  end.  Pure  scientific  research  is 
conducted  with  a  philosophic  purpose,  for  the  discovery  of  truth, 
and  for  the  advancement  of  the  boundaries  of  human  knowledge. 

The  investigator  in  pure  science  may  be  likened  to  the  explorer 
who  discovers  new  continents  or  islands  or  hitherto  unknown 
territory.  He  is  continually  seeking  to  extend  the  boundaries 
of  knowledge. 

The  investigator  in  industrial  research  may  be  compared  to 
the  pioneers  who  survey  the  newly  discovered  territory  in  the 
endeavor  to  locate  its  mineral  resources,  determine  the  extent 
of  its  forests,  and  the  location  of  its  arable  land,  and  who  in 
other  ways  precede  the  settlers  and  prepare  for  their  occupation 
of  the  new  country. 

The  work  of  the  pure  scientists  is  conducted  without  any  utili- 
tarian motive,  for,  as  Huxley  says,  "that  which  stirs  their  pulses 
is  the  love  of  knowledge  and  the  joy  of  discovery  of  the  causes 
of  things  sung  by  the  old  poet — the  supreme  delight  of  extend- 
ing the  realm  of  law  and  order  ever  farther  towards  the  unattain- 
able goals  of  the  infinitely  great  and  the  infinitely  small,  between 
which  our  little  race  of  life  is  run."  While  a  single  discovery 
in  pure  science  when  considered  with  reference  to  any  particular 
branch  of  industry,  may  not  appear  to  be  of  appreciable  benefit, 
yet  when  interpreted  by  the  industrial  scientist,  with  whom  I 
class  the  engineer  and  the  industrial  chemist,  and  when  adapted 
to  practical  uses  by  them,  the  contributions  of  pure  science 
as  a  whole  become  of  incalculable  value  to  all  the  industries. 

I  do  not  say  this  because  a  new  incentive  is  necessary  for  the 
pure  scientist,  for  in  him  there  must  be  some  of  the  divine  spark 
and  for  him  there  is  no  higher  motive  than  the  search  for  the 
truth  itself.  But  surely  this  motive  must  be  intensified  by  the 
knowledge  that  when  the  search  is  rewarded  there  is  sure  to  be 
f6und,  sooner  or  later,  in  the  truth  which  has  been  discovered, 
the  seeds  of  future  great  inventions  which  will  increase  the  com- 
fort and  convenience  and  alleviate  the  sufferings  of  mankind. 

By  all  who  study  the  subject,  it  will  be  found  that  while  the  dis- 
coveries of  the  pure  scientist  are  of  the  greatest  importance 
to  the  higher  interests  of  mankind,  their  practical  benefits, 
though   certain,   are   usually   indirect,   intangible  or  remote. 
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REVERSING  MOTOR  EQUIPMENTS— FOR  OTHER  TYPES  OF 

MILLS. 

Installed 
30  in.  Universal  Plate  Mill  111.  Steel  Co.,  S.  Chicago,  ld08 

Plate  Mill  —Am.  Sheet  &  T.P.  Co.,  Gary,  Ind.  1910 

«         "  —        ditto  1910 

28  in.  Structural  Mill — Inland  Steel  Co.,  Indiana  Harbor,  On  Order 

27  in.  Universal  Plate  Mill  Mark   Mfg.  Co.,  Indiana  Harbor 

The  principal  object  of  the  earlier  installations  was  to  utilize 
cheap  power  and  the  incidental  advantages  possible  were  not 
taken  into  account.  Experience  has  demonstrated  th^t  motor 
drive  has  many  favorable  features  which  are  of  economic  value 
in  not  only  the  every  day  operation  of  the  mill,  but  assist  most 
materially  in  the  development  of  the  method  of  operation. 

Motor  drive  gives  the  greatest  latitude  regarding  the  arrange- 
ment and  design  of  mill  and  of  the  entire  plant.  Motors  can  be 
designed  with  either  high,  intermediate  or  low  speed,  and  with  a 
wide  variation  in  maximum  or  pull-out  torque.  Adjustable 
speed  motors  give  a  wide  range  of  operating  speeds,  with  very 
economical  operation  of  mill,  either  for  constant  torque  or  con- 
stant horse-power  requirements.  The  regulation  of  the  alterna- 
ting-current motor  is  very  close,  even  under  a  wide  range  of  load, 
varying  only  about  two  and  one-half  per  cent  from' light  to  full 
load.  It  is  capable  of  standing  heavy  overloads  frequently  for 
comparatively  long  periods,  without  undue  strain  or  deteriora- 
tion. The  ease  with  which  power  readings  can  be  made  instan- 
taneously and  for  any  desired  period  is  of  great  value  in  com- 
piling records  to  ascertain  the  effect  and  value  of  any  change 
that  is  inaugurated  in  the  development  of  the  mill  design. 

The  general  experience  in  the  operation  of  a  new  mill  is  that 
the  results  obtained,  after  a  few  years,  are  radically  different 
from  the  ideas  of  the  possibilities  and  expectations  of  what 
could  be  accomplished  when  the  design  was  first  conceived.  In 
the  majority  of  cases  it  is  necessary  to  make  a  number  of  assump- 
tions regarding  the  possibilities  of  each  particular  portion  of  the 
mill,  including  capacity  of  heating  furnaces  required,  permis- 
sible reductions  per  pass,  speed  of  rolling,  size  and  shape  of  pro- 
duct most  desirable  from  the  standpoint  of  trade  demands.  The 
mill  is  developed  as  more  information  is  obtained  regarding  these 
factors,  and  the  incidental  advantages  of  motor  drive  have 
played  an  important  part  in  accomplishing  the  most  satisfactory 
results  in  reversing  blooming  mills,  as  well  as  other  types  of  rol- 
ling mills,  as  the  general  advantages  are  the  same  for  all  types  of 
motor  equipment. 

First  Cost 
It  is  assumed  that  the  plant  is  designed  with  motor  drive  for 
the  blooming  mill,  finishing  mills,  and  for  the  auxiliaries. 

The  average  load  on  the  electric  power  station  to  drive  a  re- 
versing blooming  mill  with  maximum  peaks  of  15,000  to  20,000 
h.p.  is  approximately  3000  to  3500  h.p.,  with  variations  of 
not  more  than  15  per  cent  during  the  active  rolling  period  of  the 
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happened.  So  great  have  been  the  fatalities  of  the  war  that  the 
universities  of  the  old  world  hardly  dare  to  count  their  dead. 

But  what  can  the  American  universities  do,  for  they,  like 
the  pure  scientists,  are  not  engaged  in  a  lucrative  occupation. 
Universities  are  not  money-making  institutions,  and  what  can 
be  done  without  money? 

There  is  much  that  can  be  done  without  money.  The  most 
important  and  most  fundamental  factor  in  scientific  research 
is  the  mind  of  a  man  stiitably  endowed  by  nature.  Unless  the 
scientific  investigator  has  the  proper  genius  for  his  work,  no 
amount  of  financial  assistance,  no  apparatus  or  laboratories, 
however  complete,  and  no  foreign  travel  and  study  however 
extensive,  will  enable  such  a  mind  to  discover  new  truths  or  to 
inspire  others  to  do  so.  Judgment  and  appreciation  and  insight 
into  character  on  the  part  of  the  responsible  university  author- 
ities must  be  applied  to  the  problem,  so  that  when  the  man  with 
the  required  mental  attributes  does  appear  he  may  be  appre- 
ciated as  early  in  his  career  as  possible.  This  is  a  very  difficult 
thing  to  do  indeed.  Any  one  can  recognize  such  a  man  after  his 
great  achievements  have  become  known  to  all  the  world,  but 
I  sometimes  think  that  one  who  can  select  early  a  man  who 
has  within  him  the  making  of  the  scientific  discoverer  must 
have  been  himself  fired  with  a  little  of  the  divine  spark.  Such 
.surely  was  the  case  with  Sir  Humphrey  Davy,  himself  a  great 
discoverer,  who,  realizing  the  fundamental  importance  of  the 
man  in  scientific  discovery,  once  said  that  Michael  Faraday, 
whose  genius  he  was  prompt  recognize,  constituted  his  greatest 
discovery. 

I  can  furnish  no  formula  for  the  identification  of  budding  genius 
and  I  have  no  ready-made  plan  to  lay  before  the  universities 
for  the  advancement  of  pure  scientific  research.  But  as  a  repre- 
sentative of  engineering  and  industrial  research,  having  testified 
to  the  great  value  of  pure  scientific  research,  I  venture  to  sug- 
gest that  the  university  authorities  themselves  might  well  con- 
sider the  immense  debt  which  engineering  and  the  industries 
and  transportation  and  communications  and  commerce  owe  to 
pure  science,  and  to  express  the  hope  that  the  importance  of 
pure  scientific  research  will  be  more  fully  appreciated  both 
within  the  university  and  without,  for  then  will  come — and  then 
only — that  sympathetic  appreciation  and  generous  financial 
support  so  much  needed  for  the  advancement  of  pure  scientific 
research  in  America. 
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Pure  scientific  research  unlike  industrial  scientific  research  can 
not  support  itself  by  direct  pecuniary  returns  from  its  discoveries. 

The  practical  benefits  which  may  be  immediately  and  directly 
traced  to  industrial  research,  when  it  is  properly  conducted,  are 
so  great  that  when  their  importance  is  more  generally  recognized 
industrial  research  will  not  lack  the  most  generous  encourage- 
ment and  support.  Indeed,  unless  industrial  research  abund- 
antly supports  itself,  it  will  have  failed  of  its  purpose. 

But  who  is  to  support  the  researches  of  the  pure  scientist, 
and  who  is  to  furnish  him  with  encouragement  and  assistance 
to  pursue  his  self-sacrificing  and  arduous  quest  for  that  truth 
which  is  certain  as  time  goes  on  to  bring  in  its  train  so  many 
blessings  to  mankind?  Who  is  to  furnish  the  laboratories,  the 
funds  for  apparatus  and  for  traveling  and  for  foreign  study? 

Because  of  the  extraordinary  practical  results  which  have  been 
attained  by  scientifically  trained  men  working  in  the  industrial 
laboratories  and  because  of  the  limited  and  narrow  conditions 
under  which  many  scientific  investigators  have  sometimes  been 
compelled  to  work  in  imiversities,  it  has  been  suggested  that 
perhaps  the  theater  of  scientific  research  might  be  shifted  trom 
the  imiversity  to  the  great  industrial  laboratories  which  have 
already  grown  up  or  to  the  even  greater  ones  which  the  future  is 
bound  to  bring  forth.  But  we  can  dismiss  this  suggestion  as 
being  unworthy. 

Organizations  and  institutions  of  many  kinds  are  engaged  in 
ptire  scientific  research  and  they  should  receive  every  encourage- 
ment, but  the  natural  home  of  pure  science  and  of  pure  scientific 
research  is  to  be  foimd  in  the  university,  from  which  it  cannot 
pass.  It  is  a  high  function  of  the  universities  to  make  advances 
in  science,  to  test  new  scientific  discoveries  and  to  place  their 
stamp  of  truth  upon  those  which  are  found  to  be  pure.  In  this 
way  only  can  they  determine  what  shall  be  taught  as  scientific 
truth  to  those  who,  relying  upon  their  authority,  come  to  them 
for  knowledge  and  believe  what  they  teach. 

Instead  of  abdicating  in  their  favor,  may  not  our  universities, 
stimulated  by  the  wonderful  achievements  of  these  industrial 
laboratories,  find  a  way  to  advance  the  conduct  of  their  own  pure 
scientific  research,  the  grand  responsibility  for  which  rests  upon 
them.  This  responsibility  should  now  be  felt  more  heavily 
than  ever  by  our  American  universities,  not  only  because  the 
tragedy  of  the  great  war  has  caused  the  destruction  of  European 
institutions  of  learning,  but  because  even  a  worse  thing  has 
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happened.  So  great  have  been  the  fatalities  of  the  war  that  the 
universities  of  the  old  world  hardly  dare  to  count  their  dead. 

But  what  can  the  American  universities  do,  for  they,  like 
the  pure  scientists,  are  not  engaged  in  a  lucrative  occupation. 
Universities  are  not  money-making  institutions,  and  what  can 
be  done  without  money? 

There  is  much  that  can  be  done  without  money.  The  most 
important  and  most  fundamental  factor  in  scientific  research 
is  the  mind  of  a  man  suitably  endowed  by  nature.  Unless  the 
scientific  investigator  has  the  proper  genius  for  his  work,  no 
amount  of  financial  assistance,  no  apparatus  or  laboratories, 
however  complete,  and  no  foreign  travel  and  study  however 
extensive,  will  enable  such  a  mind  to  discover  new  truths  or  to 
inspire  others  to  do  so.  Judgment  and  appreciation  and  insight 
into  character  on  the  part  of  the  responsible  university  author- 
ities must  be  applied  to  the  problem,  so  that  when  the  man  with 
the  required  mental  attributes  does  appear  he  may  be  appre- 
ciated as  early  in  his  career  as  possible.  This  is  a  very  difficult 
thing  to  do  indeed.  Any  one  can  recognize  such  a  man  after  his 
great  achievements  have  become  known  to  all  the  world,  but 
I  sometimes  think  that  one  who  can  select  early  a  man  who 
has  within  him  the  making  of  the  scientific  discoverer  must 
have  been  himself  fired  with  a  little  of  the  divine  spark.  Such 
.surely  was  the  case  with  Sir  Humphrey  Davy,  himself  a  great 
discoverer,  who,  realizing  the  fundamental  importance  of  the 
man  in  scientific  discovery,  once  said  that  Michael  Faraday, 
whose  genius  he  was  prompt  recognize,  constituted  his  greatest 
discovery. 

I  can  furnish  no  formula  for  the  identification  of  budding  genius 
and  I  have  no  ready-made  plan  to  lay  before  the  universities 
for  the  advancement  of  pure  scientific  research.  But  as  a  repre- 
sentative of  engineering  and  industrial  research,  having  testified 
to  the  great  value  of  pure  scientific  research,  I  venture  to  sug- 
gest that  the  university  authorities  themselves  might  well  con- 
sider the  immense  debt  which  engineering  and  the  industries 
and  transportation  and  communications  and  commerce  owe  to 
pure  science,  and  to  express  the  hope  that  the  importance  of 
pure  scientific  research  will  be  more  fully  appreciated  both 
within  the  university  and  without,  for  then  will  come — and  then 
only — that  sympathetic  appreciation  and  generous  financial 
support  so  much  needed  for  the  advancement  of  pure  scientific 
research  in  America. 
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While  there  are  many  things — and  most  important  things — 
which  the  universities  can  do  to  aid  pure  science  without  the 
employment  of  large  sums  of  money,  there  are  nevertheless  a 
great  many  things  required  in  the  conduct  of  pure  scientific 
research  which  can  be  done  only  with  the  aid  of  money.  The 
first  of  these  I  think  is  this: 

When  a  master  scientist  does  appear  and  has  made  himself 
known  by  his  discoveries,  then  he  should  be  provided  with  all  of 
the  resources  and  facilities  and  assistants  that  he  can  effectively 
employ,  so  that  the  range  of  his  genius  will  in  no  way  be  restricted 
for  the  want  of  anything  which  money  can  provide. 

Every  reasonable  and  even  generous  provision  should  be  made 
for  all  workers  in  pure  science,  even  though  their  reputations 
have  not  yet  become  great  by  their  discoveries,  for  it  should  be 
remembered  that  the  road  to  great  discoveries  is  long  and  dis- 
couraging and  that  for  one  great  achievement  in  science  we  must 
expect  numberless  failures. 

I  would  not  restrict  these  workers  in  pure  science  to  our 
great  universities,  for  I  believe  that  they  should  be  loc:ated  also 
at  our  technical  schools,  even  at  those  with  the  most  practical 
aims.  In  such  schools  the  influence  of  a  discoverer  in  science 
would  serve  as  a  balance  to  the  practical  curriculum  and  famil- 
iarize the  student  with  the  high  ideals  of  the  pure  scientist  and 
with  his  rigorous  methods  of  investigation.  Furthermore,  the 
time  has  come  when  our  technical  schools  must  supply  in  largely 
increasing  numbers  men  thoroughly  grounded  in  the  scientific 
method  of  investigation  for  the  work  of  industrial   research. 

Even  the  engineering  student,  who  has  no  thoughts  of  indus- 
trial research,  will  profit  by  his  association  with  the  work  of  the 
pure  scientist,  for  if  he  expects  ever  to  tread  the  higher  walks 
of  the  engineering  profession  he  must  be  qualified  to  investigate 
•  new  problems  in  engineering  and  devise  methods  for  their  solu- 
tion and  for  such  work  a  knowledge  of  the  logical  processes  of 
the  pure  scientist  and  his  rigorous  methods  of  analyzing  and 
weighing  evidence  in  his  scrupulous  search  for  the  truth  will  be 
of  the  greatest  value. 

Furthermore,  the  engineering  student  should  be  taught  to 
appreciate  the.  ultimate  great  practical  importance  of  the  results 
of  pure  scientific  investigation  and  to  realize  that  pure  science 
ftunishes  to  engineering  the  raw  material,  so  to  speak,  which  he 
must  work  into  useful  forms.  He  should  be  taught  that  after 
graduation  it  will  be  most  helpful  to  him  and  even  necesary,  if 
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he  is  to  be  a  leader,  to  watch  with  care  the  work  of  the  pure 
scientist  and  to  scrutinize  the  reports  of  new  scientific  discov- 
eries to  see  what  they  may  contain  that  can  be  applied  to  useful 
purposes  and  more  particulariy  to  problems  of  his  own  which 
require  solution.  There  are  many  imsolved  problems  in  applied 
science,  to-day  which  are  insoluble  in  the  present  state  of  our 
knowledge,  but  I  am  sure  that  in  the  future,  as  has  so  often 
happened  in  the  past,  these  problems  will  find  a  ready  solution 
in  the  light  of  pure  scientific  discoveries  yet  to  be  made.  When 
thus  regarded  the  work  of  the  pure  scientist  should  be  followed 
with  most  intense  interest  by  all  of  those  engaged  in  the  appli- 
cation of  science  to  industrial  purposes.  Acquaintance,  therefore 
with  the  pure  scientist,  with  his  methods  and  results,  is  of  great 
importance  to  the  student  of  applied  science.  I  believe  that 
there  is  need  of  a  better  understanding  of  the  relations  between 
the  pure  scientist  and  the  applied  scientist  and  that  this  under- 
standing would  be  greatly  helped  by  a  closer  association  between 
the  pure  scientist  and  the  students  in  ther  technical  schools. 

While  I  have  drawn  a  valid  distinction  between  the  work  of 
the  two,  they  nevertheless  have  much  in  common.  Both  are 
concefned  with  the  truth  of  things,  one  to  discover  new  truths 
and  the  other  to  apply  these  truths  to  the  uses  of  man.  While 
the  object  of  the  engineer  is  to  produce  from  scientific  discoveries 
useful  results,  these  results  are  for  the  benefit  of  others.  They 
are  dedicated  to  the  use  of  mankind  and,  as  is  the  case  with  the 
pure  scientist,  they  should  not  be  confused  with  the  pecuniary 
compensation  which  the  engineer  himself  may  receive  for  his  work 
for  this  compensation  is  slight,  often  infinitesimally  so,  compared 
with  the  great  benefits  received  by  others.  Like  the  worker  in 
pure  science,  the  engineer  finds  inspiration  in  the  desire  for 
achievement  and  his  real  reward  is  found  in  the  knowledge  of  the 
benefits  which  others  receive  from  his  work. 

There  are  many  other  things  which  might  be  discussed  con- 
cerning the  conduct  of  pure  scientific  research  in  our  universities 
and  technical  schools,  but  enough  has  been  said  to  make  it  plain 
that  I  believe  such  work  should  be  greatly  extended  in  all  of 
our  American  universities  and  technical  institutions.  But  where 
are  the  universities  to  obtain  the  money  necessary  for  the  carry- 
ing out  of  a  grand  scheme  of  scientific  research  ?  It  should  come 
from  those  generous  and  public  spirited  men  and  women  who 
desire  to  dispose  of  their  wealth  in  a  manner  well  calculated  to 
advance  the  welfare  of  mankind,  and  it  should  come  from  the 
industries  themselves,  which  owe  such  a  heavy  debt  to  science. 


Presented  ai  the  33d  Annual  Convention  of 
the  American  Institute  of  Electrical  Engineers, 
Cleveland,  0..  June  27,  1916. 
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ALLOW  me  to  commence  these  remarks  by  saying  how  deeply 
sensible  I  am  of  the  honor  of  addressing  this  representative 
gathering  of  American  electrical  engineers.  Thoughtful  Euro- 
peans, as  Lord  Bryce  well  said,  have  begun  to  realize  the  increas- 
ing influence  of  this  vast  country  in  the  affairs  of  the  world, 
and  the  splendor  of  the  part  reserved  to  you  in  the  development 
of  civilization.  A  brief  Visit  to  your  hospitable  shores  has  been 
an  inspiration  and  has  enabled  me  to  appreciate,  in  some  small 
measure,  the  freedom  of  your  thought,  and  the  breadth  of  your 
conceptions.  Such  is  the  grandeur  of  your  outlook  that  I  can 
but  echo  what  was  so  beautifully  expressed  by  one  of  the  orators 
at  the  recent  Harvard  commencement  exercises,  namely,  that 
the  world  needs  you  and  the  world  will  heed  you  if  you  but 
acquit  yourselves  as  men! 

So  much  has  been  written  regarding  standardization,  and  the 
art  has  become  so  necessary  to  progress,  and  is  so  familiar  to 
many  of  you,  that  I  cannot  hope  to  do  more  than  focus  your 
ideas  on  a  few  of  the  more  important  aspects  of  the  subject. 
I  shall  also  try  to  bring  into  prominence  some  of  the  points 
connected  with  the  development  of  engineering  standards  in 
Great  Britain,  which  I  h6pe  may  be  of  interest,  more  especially 
as  in  order  to  minimize  overlapping  and  obviate  piecemeal 
methods,  the  question  of  co-ordinating  the  various  individual 
methods  in  one  homogeneous  body  is  occupying  the  serious 
attention  of  competent  authorities  in  this  country. 

In  matters  electrical,  national  and  international  standardiza- 
tion are  so  intimately  connected  that  it  is  scarcely  possible  to 
speak  of  the  one  without  discussing  the  other.  Indeed,  inter- 
national standardization,  a  barbarous  term  it  -is  true,  but  a 
difficult  one  to  supplant,  would  seem  to  be  the  natural  develop- 
ment from  the  experience  gained  in  the  practical  application 
of  national  standards. 

It  was  stated  on  one  occasion,  I  remember,  that  the  earliest 
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record  of  standardization  was  to  be  found  in  the  introduction 
of  the  Greek  alphabet  initiated  by  Xerxes  and  which  was  refused 
by  China  and  Russia.  However  that  maybe,  the  most  notable 
step  in  the  realization  of  engineering  standards,  in  so  far  as 
Great  Britain  is  concerned,  was  in  1841,  when  Sir  Joseph  Whit- 
worth  introduced  his  standard  screw  thread.  When  urging 
the  necessity  for  standardization,  he  illustrated  his  argtunent 
by  mentioning  that  candles  and  candle-sticks  were  in  use  in 
almost  every  house,  and  nothing  could  be  more  convenient 
than  for  the  candles  to  fit  accurately  into  the  sockets  of  the  candle 
sticks,  which  they  seldom  did.  The  lesson  taught  by  his  illus- 
tration lies  at  the  root  of  standardization  and  necessarily  carries 
with  it  disadvantage  to  the  few  for  the  advantage  to  the  many. 

Then  we  come  to  the  Standards  Committee  of  this  Institute, 
of  which  Prof.  Crocker  was  the  first  Chairman,  which  reported 
on  electrical  standardization  in  1898.  The  splendid  pioneer 
work  accomplished  by  that  committee  has  been  an  incentive 
to  many  others  and  whatever  form  the  proposed  central  organi- 
zation may  take,  the  Standards  Committee  of  this  Institute 
will  doubtless  retain  intact  its  distinctive  character  whilst  sup- 
plementing and  extending  its  activities. 

Several  factors,  including  keen  competition  from  outside,  the 
legitimate  demands  of  labor  for  a  higher  standard  of  living, 
coupled  with  the  desire  of  capital  for  a  better  return,  have 
compelled  the  electrical,  in  common  with  the  whole  engineering 
industry,  to  introduce  modem  order  and  system  into  all  its 
methods  of  production.  Former  individualistic  methods  have  been 
forced  to  give  way  to  co-ordination  and  collective  effort.  It  is, 
in  fact,  co-operation  which  gives  the  highest  value  to  individual 
effort.  This,  if  voluntary  and  not  compulsory,  will  help  to 
maintain  quality. 

Now,  these  improvements  which  have  already  resulted  in 
marked  benefits,  must  not  only  be  maintained,  but  continually 
added  to  if  the  full  advantages  are  to  be  reaped.  Inevitably 
the  necessity  of  standards  to  which  the  products  of  the  work- 
shops may  be  referred,  has  manifested  itself  just  as  much  as 
fixed  standards  of  weights  and  measures. 

Of  course,  the  individual  gain,  economically,  in  private  work- 
shop standardization  is  acknowledged  great  to  the  producer 
for  it  tends  towards  interchangeability  of  working  parts,  lessens 
maintenance  charges  and  stores;  crystallization,  however,  which 
would  tend  to  impede  and  in  some  cases  stultify  progress  must 
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hydraulic  rotary  method.  The  former  employs  a  walking-beam 
from  the  end  of  which  a  heavy  stem  and  bit  are  suspended  by  a 
steel  wire  or  manila  rope.     These  churn  the  hole  by  the  up-and- 
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Fig.  1 — Elevation  and  Plan  of  Motor-Driven  Standard  Califor- 
nia Oil  Well  Rk; 


down  motion  imparted  by  the  beam,  the  strata  thus  being  pene- 
trated by  percussion.  The  drillings  are  mixed  with  water  in  the 
hole  and  are  removed  at  intervals  by  a  '  sand-pump  '  or  bailer. 
As  the  hole  deepens,  iron  or  steel  casing  is  inserted  in  approxi- 
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cedure.  Such  revisions  must  also  be  promptly  and  efficiently 
dealt  with.  The  standards  should  have  no  other  authority 
than  that  of  commom  consent.  In  fact,  it  is  public  opinion  which 
gives  them  their  dynamic  force,  and  all  progress  would  be  arrested 
if  there  was  a  possibility  of  their  being  enacted  into  statutory 
law. 

The  initiation  in  1901  of  the  British  Engineering  Standards 
Committee,  the  greatest  private  voluntary  effort  of  the  kind, 
is  due  to  Sir  John  Wolfe  Barry,  K.  C.  B.,  whose  name  is  a  house- 
hold word  amongst  British  engineers.  His  commanding 
influence  in  the  engineering  world,  and  the  deep  respect  in  which 
he  is  held  by  the  whole  profesrfon  has  probably  been  the  greatest 
factor  in  bringing  this  organization  to  its  present  unassailable 
position.  It  had  a  small  beginning,  but  has  increased  in  scope 
and  efficiency  till  today  its  influence  is  felt  and  its  speciflcations 
acknowledged  and  worked  to  throughout  practically  the  whole 
of  the  Empire.  Its  main  committee,  or  Senate,  is  composed  of 
the  official  representatives  of  the  five  leading  engineering  insti- 
tutions; to  this  committee  falls  the  whole  administration  of  the 
work,  the  raising  of  the  necessary  funds,  the  controlling  of  the 
expenditure  and  the  ratification  of  all  reports  and  specifications 
presented  by  the  various  sectional  committees  prior  to  publi- 
cation. The  sectional  committees  are  instituted  by  this  main 
committee  which  appoints  the  respective  chairmen.  Under 
this  main  committee  there  are  some  80  sectional  sub-committees 
and  small  panels,  the.  membership  being  between  500  and  600. 
The  sectional  committees  consist  of  representatives  of  the  var- 
ious government  departments,  consulting  engineers,  manu- 
facturers and  users,  as  well  as  representatives  of  the  technical 
societies  and  trade  associations  interested  in  or  affected  by  the 
subjects  under  consideration.  The  sectional  committees,  and 
in  some  cases  the  sub-committees,  decide  the  broad  lines  upon 
which  the  specifications  are  to  be  drawn  up  and  then  delegate 
the  working  out  of  the  preliminary  details  to  a  sub-committee 
or  panel.  If  necessary,  evidence  is  taken,  the  advice  of  experts 
is  sought,  and  in  this  way  all  parties  are  consulted  and  have  a 
proper  voice  in  the  initial  proposals,  thus  avoiding  much  sub- 
sequent friction  which  might  otherwise  occur. 

The  specifications  of  the  committee  find  an  increasingly  wide 
adoption,  being  more  and  more  substituted  for  the  various 
government  and  municipal  specifications  hitherto  employed. 
They  deal  with  the  main  technical  clauses,  leaving  questions  of 
contact  to  be  dealt  with  by  the  purchaser. 
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kind  would  result  in  the  minimum  diameter  being  reached  at 
too  shallow  a  depth  and  thus  render  it  impossible  to  continue 
drilling  to  the  oil  sand. 

The  other  drilling  operations  are  lighter  work  for  the  motor 
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Fig.  3 — Gr.\phic    Record   of    Power    Required   for    Drilling   and 
Bailing  Work  in  a  California  Oil  Well 

as  will  be  seen  by  a  comparison  of  Figs.  2  and  3.  The  power 
demand  from  the  motor  to  merely  swing  the  tools  during  actual 
drilling  by  the  cable-tool  method  is  fairly  steady,  as  Fig.  3 
shows,  but  it  is  interesting  to  note  that  this  demand  becomes 
less  as  the  well  grows  deeper.     Fig.  4,  w^hich  represents  this 
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Fig.  4 — Horse    Power    Required    for    Swinging    Standard    Cable 
Tools  in  Drilling  a  3100-ft.  Oil  Well  in  Wfst  Virginia 


fact,  shows  a  curve  plotted  from  readings  taken  during  the 
various  stages  of  drilling  a  3100-ft.  well.  The  point  may  be 
explained  by  the  facts  that  as  the  well  grows  deeper  the  drilling 
tools  used  are  smaller  in  diameter  and  lighter  in  weight,  and  a 
larger  amount  of  water  is  usually  carried  in  the  hole. 
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of  the  laws  of  electrotechnics,  that  the  rules  which  form  the 
basis  of  technical  specifications  and  consequently  of  commercial 
contracts,  should  be  as  free  as  possible  from  ambiguity  and 
complications,  yet  at  the  same  time  sufficiently  definite  and 
comprehensive  to  insure  a  satisfactory  means  of  comparison 
between  the  machine  supplied  and  the  standard. 

The  problem  is,  however,  more  intricate  than  that  of  dealing 
with  simple  pieces  of  mechanism,  for  it  involves  the  consideration 
of  the  peculiar  properties  of  the  materials  forming  the  essential 
portions  of  the  machine.  For  instance,  the  conductivity  of  the 
copper  or  the  permeability  of  the  iron  can  be  measured  with 
substantial  accuracy  and,  what  is  more  important  still,  without 
the  portion  tested  being  destroyed  or  damaged.  The  mechanical 
strength  of  the  materials  also  can  be  estimated  with  sufficient 
acciu*acy  from  the  result  of  definite  and  easily  carried  out  tests 
on  samples  of  the  materials,  with  almost  complete  assurance 
that  the  bulk  material  will  have  the  same  properties  and  therefore 
behave  in  the  same  way  as  the  samples  tested.  These  partic- 
ular properties  are,  in  fact,  of  such  a  nature  that  they  can  be 
specified  with  precision,  and  moreover,  are  not  appreciably 
affected  by  the  elements  of  time.  When  the  question  of  the 
insulating  materials,  however,  is  considered,  the  problem  is 
of  course,  very  different,  and  one  can  but  acknowledge  that 
owing  to  their  inherent  properties,  the  insulating  materials 
employed  at  present,  come  into  an  entirely  different  category. 
They  are  governed  by  no  well-defined  laws,  as  in  the  case  of 
the  copper  and  iron,  their  properties  are  variable  and  alter 
largely  for  very  small  changes  in  the  conditions  of  manufacture, 
as  well  as  those  under  which  they  are  employed  in  the  completed 
machine.  The  resistance  they  offer  to  the  passage  of  the  current 
constantly  changes,  and  tests  on  samples  are,  therefore,  not 
very  satisfactory,  as  varying  the  length  of  the  test  may  give 
results  differing  considerably  in  magnitude.  One  of  the  most 
important  problems,  therefore,  is  the  settling  of  the  limits 
which  it  is  considered  necessary  to  impose  in  order  to  insure 
that  the  principal  causes  of  destruction  of  the  insulating  materials, 
the  heating  combined  with  the  time  element,  shall  be  kept 
well  within  safe  limits. 

A  clear  distinction  exists  between  an  *  international  standard 
of  quality"  and  an  ''international  rating."  The  international 
acceptance  of  the  former  has  already  been  brought  about  by 
the  adoption,  by  the  I.  E.  C,  at  its  Berlin  meeting  in  September, 
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1913,  of  certain  limits  of  observable  temperature  applying  to 
the  materials  in  general  use  today.  But  these  limits  do  not 
offer  a  means  of  comparing  directly  machines  from  various 
sources,  since  they  would  not  necessarily  have  the  same  tem- 
perature rise.  No  international  decision  has  yet  been  arrived 
at  in  regard  to  the  value  of  the  cooling-air  temperature  to  be 
associated  with  the  upper  limits  already  adopted,  the  commis- 
sion wisely  preferring  to  adhere  to  its  rule  of  not  taking  action  on 
any  important  question  except  on  a  four-fifths  majority  of  the 
countries  registering  their  votes.  The  wisdom  of  this  procedure 
has  been  amply  justified  on  more  than  one  occasion,  and 
although  the  advent  of  the  war  has  unfortimately  resulted,  in 
so  far  as  international  standardization  is  concerned,  in  what 
might  be  termed  a  state  of  suspended  animation,  there  is  every 
reason  to  anticipate  that  the  delay  thus  enforced  will  not 
adversely  affect  the  solution  of  this  particular  problem. 

However,  there  are  very  good  grounds  for  hoping  that  the 
temperature  rise  recognized  as  standard  in  America  and  Great 
Britain  will  ultimately  be  accepted  throughout  the  world. 

It  is  evident  also  that  the  standardization  rules  in  use  in  the 
various  countries  will  tend  to  grow  less  divergent  in  proportion 
as  the  work  of  the  I.  E.  C.  progresses,  and  although  the  inter- 
national rules  are  not  intended  to  supplant  those  employed 
locally,  they  cannot  fail,  when  issued,  to  be  of  material  assistance 
to  buyers  and  sellers  of  all  nationalities.  In  addition  to,  or  rather 
collaterally  with,  the  rating  of  machinery,  the  I.  E.  C,  through 
properly  constituted  special  committees,  has  under  consideration 
several  other  matters  which  come  under  the  general  heading 
of  nomenclature  and  sjrmbols.  The  work  accomplished,  so 
far,  in  these  directions,  may  by  some,  be  considered  somewhat 
academical,  but  it  should  not  be  overlooked  that  international 
symbols,  if  widely  adopted  as  they  deserve  to  be,  will  greatly 
assist  in  the  reading  of  foreign  technical  works,  and  that  inter- 
national agreement  in  regard  to  nomenclature,  immensely 
difficult  as  it  is,  and  calling  for  so  much  personal  sacrifice  of 
long-cherished  conditions,  will  be  of  the  greatest  value  to  the 
industry  generally.  Also  the  subject  of  graphical  symbols  for 
electrical  plans  now  being  studied  will  be  of  considerable  assist- 
ance in  foreign  tenders.  Experience  shows  that  the  utmost 
caution  is  necessary  in  all  international  questions,  and  that 
nothing  is  to  be  gained  by  forcing  a  vote  on  a  point  not  yet 
ripe  for  decision.    One  may  hope  with  confidence  that  when 
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peace  reigns  once  more  in  distracted  Europe,  industry  will  be 
more  than  rehabilitated,  and  the  electricians  of  the  world  fully 
appreciating,  as  they  have,  the  potentialities  of  such  co-operation, 
will  continue  their  work  so  weU  begun. 

I  cannot  close  this  brief  review  without  paying  a  tribute  of 
love  and  respect  to  the  father  of  the  I.  E.  C,  Col.  R.E.  Crompton, 
C.  B.,  its  Honorary  Secretary,  to  whose  enthusiasm  andjceaseless 
energy  the  commission  owes  its  very  inception.  He  has  been  a 
tower  of  strength  at  all  times,  and  has  ever  been  ready  with  the 
counsel  of  his  ripe  experience  to  help  and  encourage  us  through 
all  our  vicissitudes.    May  he  long  be  spared  to  us! 

I  should  like  also  to  record  my  appreciation  of  the  invaluable 
assistance  of  the  American  Section  of  the  I.  E.  C,  which  the 
central  office  has  so  uninterruptedly  enjoyed.  To  Dr.  Mailloux, 
with  his  wonderful  linguistic  ability,  we  owe  a  debt  it  is  impos- 
sible to  repay.  In  .the  early  stages  of  the  movement,  it  was 
owing  to  the  perfect  ease  with  which  he  was  able  to  explain 
knotty  points  in  several  languages,  almost  without  realizing 
in  which  he  was  speaking,  that  the  many  difficulties  connected 
with  the  launching  of  such  an  enterprise  were  successfully 
smoothed  away.  To  Dr.  Kennelly,  too,  I  owe  much  for  the 
kindly  help  and  advice  he  has  always  so  generously  given  me. 
Indeed,  in  times  of  difficulty,  the  American  Section  has  never 
been  appealed  to  in  vain. 

Laboring  thus  in  the  fullest  degree  for  the  advancement  of 
the  electrical  industry  of  the  world,  it  will  be  this  close  co-opera- 
tion which  will  win  the  day,  due,  not  so  much  to  any  particular 
individual,  but  rather,  as  Kipling  says,  '*to  the  everlasting 
team-work  of  every  blooming  soul." 
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There  is  no  apparent  way  to  calculate  the  power  necessary  to 
pump  a  well  whiph  will  give  figures  uniformly  consistent  with 
actual  tests,  because  of  the  difficulty  of  determining  the  effect  of 
varying  well  conditions.  For  instance,  a  large  amount  of  sand 
in  the  oil  will  increase  the  power  necessary  to  pump  it,  while  on 
the  other  hand  gas  may  be  present  which  will  help  lift  the  oil. 
No  numerical  value  can  be  placed  on  these  conditions,  so  the 
motor  capacity  for  this  duty  is  determined  largely  by  comparison 
with  results  obtained  on  other  wells.  Owing  to  the  fact  that  the 
conditions  are  generally  changeable,  it  is  best  to  have  some 
reserve  motor  capacity  for  pumping.  The  power  input  will 
vary  from  day  to  day  and  even  from  hour  to  hour,  and  may  in- 
crease considerably  in  a  short  time  when  the  well  is  sanding  up. 
vSuch  variations  are  not  so  common,  however,  where  the  troubles 
from  sand  are  fe\^^ 

The  following  summary  of  records  from  over  200  California 
oil  wells  pumped  on  the  beam,  gives  an  idea  of  the  motor  load 
for  pumping  alone: 

Depth  of  wells 900  to  3100  ft.,  average  1430  ft. 

Length  of  stroke 29  to  32  inches. 

Strokes  per  min 20  to  30,  average  24. 

Diameter  of  tubing 3  inches. 

Power  required 1  to  5  h.p.,  ave.  3.5  to  4  h.p. 

Exceptional  wells  in  California  have  required  as  high  as  16  to 
17  h.p.  at  times.  In  Louisiana  some  heavy  pumping  wells  have 
been  encountered,  one  in  the  Evangeline  field  requiring  the 
following  : 

Depth  of  pumping 1100  ft. 

Length  of  stroke 30.5  in. 

Strokes  per  min 40 

Diameter  of  tubing 2.5  in. 

Power  required 9.5  h.p. 

Another  Louisiana  well  near  the  Caddo  field  gave  test  results  as 
follows : 

Depth  of  pumping 1000  ft. 

Length  of  stroke 37.5  in. 

Strokes  per  min 38. 

Diameter  of  tubing 3  in. 

Power  required 17.5  h.p. 

Compared  with  the  California  wells,  these  Louisiana  wells 
have  a  longer  stroke,  higher  speed,  larger  percentage  of  water 
and  less  gas  in  the  oil,  and  therefore  require  more  power.     The 
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common  language.  That  this  language  is  still  imperfect  is  ob- 
vious, but  it  serves  a  very  useful  purpose  even  now,  and  will 
doubtless  grow  in  usefulness  as  it  slowly  evolves. 

Taking  the  next  step,  into  the  international  realm  of  engi- 
neering standardization,  we  find  the  same  process  at  work;  and 
although  a  little  more  slowly,  yet  to  the  same  end;  a  gradual 
evolution  of  an  international  understanding,  a  substantially 
imiversal  language,  and  a  cordial  spirit  of  co-operation,  which  if 
it  extended  only  to  the  confines  of  the  particular  realm  of  human 
endeavor  here  under  discussion,  would  nevertheless  be  an  im- 
portant factor  in  the  hastening  of  that  time  when  the  term 
"human  brotherhood"  will  apply  beyond  the  borders  of  each 
particular  little  group. 

To  be  sure  this  international  movement  appears  to  be  tem- 
porarily arrested  in  certain  quarters,  but  I  for  one,  am  confident 
that  the  engineers  of  the  waring  nations  will  be  among  the  first 
to  set  aside  partisan  feelings  for  a  broader  common  sense  spirit 
of  co-operation. 

This  brings  me  to  my  second  point,  which  is  the  personal  one. 
In  all  of  this  work  where  representatives  of  the  various  groups 
get  together,  the  personal  element  is  a  most  vitally  important 
one.  One  needs  the  courage  of  his  convictions,  but  the  narrow 
minded  partisan  must  in  the  long  run  give  way  to  the  broader 
co-operative  spirit.  Many  of  the  chasms  of  unfriendly  mis- 
understanding which  develop  in  all  fields  of  endeavor  might 
easily  be  bridged  if  there  were  more  of  this  spirit  abroad. 

In  this  connection  I  cannot  refrain  from  adding  my  tribute 
to  Mr.  le  Maistre.  He  came  to  us  as  delegate  of  the  Engineering 
Standards  Committee  of  Great  Britain;  he  sat  with  us  in  in- 
formal conference  or  in  formal  meeting  day  and  night  in  several 
periods  aggregating  two  solid  weeks;  he  presented  the  sugges- 
tions of  the  British  Committee  in  the  broadest  possible  spirit, 
but  did  not  confine  his  discussions  to  that  part  of  the  subject; 
he  entered  into  the  spirit  of  our  meetings  and  became  one  of  us, 
giving  us  generously  of  his  time  and  experience;  his  personal 
assistance  was  of  such  an  order  that  we  shall  hereafter  feel  any 
revision  of  our  rules  incomplete  without  his  suggestions. 

This  is  the  kind  of  getting  together,  of  co-operation,  of  learning 
each  others'  language,  of  building  up  a  friendly  understanding 
as  contrasted  with  an  unfriendly  suspicion,  which  was  referred 
to  in  the  first  part  of  these  remarks.  It  is  work  of  this  kind  which 
breaks  down  the  barrier  of  misunderstanding,  and  draws  groups 
and  nations  closer  together. 

The  engineering  profession,  not  only  in  Great  Britain  but  the 
world  over,  is  thus  to  be  congratulated  in  the  recent  appointment 
of  Mr.  le  Maistre  as  General  Secretary  of  the  Engineering 
Standards  Committee  of  Great  Britain,  and  the  electrical  en- 
gineering profession  is  to  be  specially  congratulated  in  still 
retaining  his  services  as  General  Secretary  of  the  International 
Electrotechnical  Conmiission. 


PrgsenUd  at  thi  33i^  Annual  Conweniion  o/ 
the  Amgriean  Insiiiute  of  Electrical  Engineers, 
Cleveland,  0..  June  37.  1016. 
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ELECTRIC  DRIVE  FOR  REVERSING  ROLLING  MILLS 


BY  WILFRED  SYKES  AND  DAVID  HALL 


Abstract  of  Paper 

The  manner  in  which  the  electrically  driven  reversing  rolling 
mill  has  been  adopted  especially  within  the  last  year,  is  surprising 
in  view  of  the  strongly  entrenched  position  of  the  steam  driven 
mill.  Electric  motors  have  been  used  for  many  years  on  mills 
running  continuously  in  one  direction,  but  many  motor  users 
have  felt  that  the  reversing  mill  could  be  better  handled  with  the 
steam  engine.  There  are  naturally  many  characteristics  little 
understood,  due  to  the  limited  use  m  this  country  today. 

This  paper  answers  some  of  the  questions  which  are  raised 
and  describes  the  constructions  that  have  been  found  desirable. 


THE  ELECTRICALLY  driven  reversing  mill  has  been  the 
subject  of  a  number  of  papers*  before  the  Institute  in 
which  the  general  scheme  of  operation  has  been  described  in 
detail.  Since  these  papers  were  presented  this  type  of  mill  has 
been  considerably  developed  and  a  number  of  installations  made. 
In  addition,  a  great  many  new  mills  are  being  equipped,  and 
within  the  next  year  there  will  be  15  reversing  mills  in  operation 
in  the  United  States.  The  great  success  that  has  been  attained 
appears  to  warrant  a  review  of  this  subject  together  with  a 
discussion  of  some  of  the  characteristics  of  this  equipment. 
Since  the  first  installations  were  made  and  mill  engineers 
have  been  in  a  position  to  personally  check  the  operation  and^ 
economy  of  equipment,  the  steam  engine  for  reversing  mills 
has  been  comparatively  neglected.  As  an  indication  of  the 
position  that  the  electrically  driven  mill  has  attained,  the  engineers 
of  one  of  the  large  steel  companies  upon  making  investigation 
regarding  the  type  of  drive  to  install  for  new  reversing  mills, 
stated  that  the  electric  drive  would  undoubtedly  in  the  very 
near  future  entirely  supplant  the  reversing  steam  engine  except 

♦Electrically  Driven  Reversing  Mills,  by  Wilfred  Sykes.  A.  I.  E.  E. 
Transactions,  1911. 

Operation  of  a  Large  Electrically  Driven  Reversing  Mill.  By  Wilfred 
Sykes,  A.  I.  E.  E.  Transactions,  1912. 

Electrification  of  a  Reversing  Rolling  Mill  of  the  Algoma  Steel  Co. 
By  B.  T.  McCormick,  A.  I.  E.  E.  Transactions,  1912. 
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in  perhaps  certain  peculiar  cases.  Practically  all  the  new  instal- 
lations of  reversing  mills  contemplated  at  present  will  be  electri- 
cally driven.  Although  the  electrically  driven  mill  has  not  so 
far  made  the  advance  in  this  country  that  it  has  in  Europe, 
it  is  characteristic  of  American  practise  to  quickly  adopt  any 
device  which  has  been  demonstrated  to  suit  the  American  con- 
ditions. The  reversing  mill  as  developed  in  this  coimtry  and  as 
shown  by  the  existing  successful  installations,  differs  in  many 
respects  from  European  construction.  Special  attention  has 
been  given  to  the  mechanical  construction  of  the  reversing 
motor  and  every  care  has  been  taken  to  insure  that  the  machine 
will  stand  the  much  rougher  handling  which  it  receives  in  this 
country. 

As  pointed  out  in  one  of  the  papers  previously  read  before  the 
Institute,  the  reversing  plate-mill  drive  installed  at  the  South 
Chicago  plant  of  the  lUinios  Steel  Co.  was  the  second  drive  of 
this  type  to  be  put  into  operation  in  the  world  and  it  was  de- 
signed without  knowledge  of  the  fact  that  a  similar  arrangement 
was  being  constructed  in  Europe.  It  was  a  number  of  years 
later  before  a  reversing  blooming  mill  was  electrified. 

The  first  successful  installation  of  a  reversing  blooming  mill 

was  that  of  the  Steel  Company  of  Canada  at  Hamilton,  Ont. 

This  installation  consists  of  a  double  reversing  motor  capable 

of  developing  about  10,000  h.p.  maximum,  and  is  supplied  with 

power  from  a  flywheel  motor-generator  set  with  two  generators. 

The  complete  electrical  installation  is  shown  in  Fig.  1.    This  mill 

has  been  in  operation  for  over  three  years  with  very  satisfactory 

results.     It  is  at  present  working  at  a  rate  very  considerably 

in  excess  of  the  capacity  specified  when  it  was  installed.     The 

following  are  particulars  of  the  mill  and  driving  equipment. 

Size  of  ingot 15  By  17  in. 

Weight 4000  lb. 

Finished  material 4  by  4  in. 

Elongation 16 

Number  of  passes 19 

Capacity,  tons  per  hour 60 

Roll  diameter 30  in. 

Pinion  diameter 34  in. 

Speed,  full  motor  field 70  rev.  per  min. 

Speed,  weakened  motor  field 100  rev.  per  min. 

Driven  from  motor direct 

Number  of  motors 2 

Voltage  across  each  armature 600 

Maximum  operating  torque 900,000  ft-lb. 

Maximum  motor  horse  power 10,000 

Number  of  generators 2 

Rated  power  of  driving  motor  of  set 1800  h.p. 

Weight  of  flywheel 100,000  lb. 

Speed  of  flywheel  set 600  rev.  per  min. 


Hinf-: 
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Fig.  1 — General  View  of  Flywheel  Motor  Generator  and 
Reversing  Motor  Installed  at  the  Plant  of  the  Steel  Company 
OF  Canada. 
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Fig.  2 — Reversing  Motor  Built  for  Bethlehem  Steel  Company 
Assembled    in    Shop. 
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Fig.  4 — Reversing  Motor  Driving  Blooming  Mill  of  Central  Steel 

Company 
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Fig.  12 — Compensating  and  Commutating  Pole  Windings  as  Used 
IN  Reversing  Mill  Motors 
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The  largest  installation  at  present  in  operation  is  that  of  the 
Bethlehem  Steel  Co.  which  drives  the  35-in.  blooming  mill  at 
the  Lehigh  Plant.  Fig.  2  shows  the  motors  as  assembled  in  the 
shop  before  shipment.     Both  of  the  above  mentioned  installa- 
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Fig.  3 — Schematic  Diagram  of  Connections  of  Large  Reversing 

Mill    Drive 

OCB  — oil  circuit  breaker  with  no- voltage  and  overload  trip 

SR  — automatic  liquid  slip  regulator 

A  CM  — alternating-current  wound-rotor  induction  motor 

DCG  — direct-current  separately-excited  generators 

DCM  — direct-current  separately-excited  roll  motors 

CB  — circuit  breakers — 1  generator  fie)d — 2  main  circuit 

R  — relay  for  operating  circuit  breaker  in  generator  fields 

FC  — field  controller 

P  —flywheel 

.S'JS  — shunt  exciter  for  generator  and  roll  motor  fields 

SeE  — roll  motor  exciter  the  field  of  which  is  separately  excited  by  the  main  d-c.  circuit 

SACM  — alternating-current  squirrel-cage  induction  motor 

V  — voltmeter 

A  — ammeter 

W  — wattmeter 


tions  have  double  motors  due  to  the  amount  of  power  required. 
The  machines  are  arranged  as  shown  by  diagram,  Fig.  3.  A 
somewhat  similar  drive  is  installed  at  the  plant  of  the  Central 
Steel  Co.,  Massillon,  O.,  but  a  single  motor  is  used  for  driving 
the  mill,  the  capacity  of  the  motor  being  approximately  8000  h.p 
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periods  in  cleaning  and  "pulling."  and  that  this  is  coupled  with 
high  efficiency  when  pumping  continuously  for  days  at  a  stretch. 
Another  point  brought  out,  is  the  possibility  of  connecting 
the  same  winding  for  two  speeds  and  thus  further  adapting  the 
motor  to  its  work.  From  many  points  this  is  almost  an  ideal 
combination  of  motor  and  tool  characteristics. 
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which  is  similar  to  the  Shields  Bill  and  stated  that  he  was  afraid 
of  state  legislators  and  state  legislatures  because  he  had  seen 
so  many  awful  things  committed  by  them  but  had  absolute 
confidence  in  members  of  Congress  and,  therefore,  was  in  favor 
of  Congress  enacting  a  law  that  would  authorize  the  Secretary 
of  War  to  regulate  the  price  and  service  of  hydroelectric  energy. 

A  few  weeks  ago  in  an  article  in  the  Outlook,  when  the  Shields 
Bill  was  under  consideration  in  the  Senate,  Mr.  Cooper  said 
that  public  utility  commissions  created  by  state  legislatures  will 
afford  all  the  protection  that  is  necessary  for  the  public  and 
favored  state  regulation  of  hydroelectric  companies.  I  wish 
Mr.  Cooper  could  understand  when  he  appears  before  Congress 
at  a  time  when  we  are  seriously  considering  a  piece  of  legislation 
which  is  so  necessary  as  a  thoroughgoing  water  power  bill  and 
makes  a  statement  along  one  line  and  then  in  a  short  time  after- 
wards makes  a  statement  in  the  press  diametrically  opposed  to 
the  one  he  made  before  Congress,  that  he  cannot  be  expected 
to  be  taken  seriously.  We  understand  that  Mr.  Cooper  has 
shifted  his  position,  but  we  are  not  quite  so  clear  as  to  his  motive. 

There  is  a  great  deal  of  suspicion  abroad  concerning  the  motives 
of  representatives  of  capital  who  are  advocating  water  power 
legislation;  some  of  it  is  unfounded  and  some  of  it  has  a  good 
foundation,  a  very  good  foundation.  Now,  going  back  to  the 
matter  that  I  wish  to  call  your  attention  to,  I  will  say  that 
you  have  got  to  permit  hydroelectric  plants  to  combine  in  order 
to  operate  them  economically.  Every  man  who  knows  anything 
about  the  subject  at  all,  knows  that  that  is  one  of  the  funda- 
mental principles  of  economy  in  dealing  with  hydroelectric 
plants.  In  some  cases  a  number  of  these  plants  have  com- 
bined, a  very  considerable  number,  and  the  moment  plants  located 
in  different  states  are  combined,  state  utility  commissions 
cannot  regulate  them  because  the  current  becomes  interstate. 

In  Minnesota  we  are  about  to  receive  power  from  Wisconsin 
where  there  is  a  large  power  plant  supplying  power  to  various 
projects.  At  the  present  time,  Minneapolis,  gets  its  current  from 
Taylor  Falls  on  the  state  boundary  line  between  Minnesota  and 
Wisconsin.  How  can  a  Minnesota  Commission  regulate  current 
generated  in  Wisconsin  and  brought  into  our  state?  How  can 
it  tell  what  is  a  fair  rate  under  that  situation?  How  can  it 
inspect  the  books  of  a  plant  located  in  Wisconsin,  which  sells 
power  to  the  Consumers'  Power  Company  located  in  Minnesota? 
The  Minnesota  Commission  has  jiuisdiction  as  to  how  much 
the  Consumers'  Power  Company,  which  is  nothing  more  or  less 
than  a  distributing  company,  pays  for  its  current  but  it  has  no 
way  of  determining  whether  the  price  paid  by  the  Consumer's 
Power  Company  to  the  Wisconsin  company  is  a  fair  and  reason- 
able charge,  and,  therefore,  is  unable  to  determine  what  would 
be  a  fair  and  just  rate  to  patrons  of  the  Consumers'  Power  Com- 
pany. 

Nothing  short  of  a  Federal  Commission  authorized  to  work  in 
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conjunction  with  state  commissions  will  meet  the  situation  which 
I  have  called  attention  to.  Besides,  undet  a  Federal  Commission, 
the  work  now  being  done  by  the  Secretary  of  War,  the  Secretary 
of  Interior  and  the  Secretary  of  Agriculture,  could  be  brought 
under  a  single  head  thus  effecting  a  great  saving  to  the  govern- 
ment and  assuring  efficient  regulation  which  would  rebound  to 
the  benefit  of  the  investor  and  the  consumer. 

The  moment  that  the  promoters,  the  investers,  the  engineers 
and  the  associations  that  are  giving  their  time  to  this  subject 
come  to  Congress  with  a  fair  proposition,  fair  to  the  public  and 
fair  to  the  investor.  Congress  will  join  hands  with  them  in 
working  out  an  efficient  law.  Congress  is  looking  for  light,  it  is 
looking  for  information.  Members  of  Congress  are  also  anxious 
to  know  why  they  are  persecuted  for  daring  to  offer  any  objection 
to  impending  legislation  that  is  offered  by  what  is  known  as  the 
water  power  monopoly. 

Why,  we  know  and  you  know  better  than  I  do,  that  the  water 
power  interests  of  this  country  are  controlled  by  a  very  few  men, 
the  whole  policy  is  dictated  by  a  very  few  men.  Mr.  J.  P. 
Morgan  of  New  York  City  is  one  of  the  leadingfactors,  and  the 
General  Electric  Companies  is  the  great  big  institution,  with 
its  subsidiaries,  that  controls  the  situation.  I  do  not  object 
to  the  monopoly  because  the  development  of  hydroelectric  power 
economically  is  a  natural  monopoly.  The  thing  I  object  to  is 
the  refusal  on  the  part  of  those  owning  the  monopoly  to  admit 
that  there  is  a  monopoly  and  I  object  to  their  attempt  to  deceive 
the  public  as  to  the  existence  of  such  a  monopoly,  in  order  to 
defeat  legislation  having  for  its  purpose  the  control  and  regu- 
lation of  such  a  monopoly. 

Mr.  Cooper  says  in  his  article  in  The  Outlooky  that  it  is  not 
a  monopoly — he  laughs  at  the  idea,  he  scoffs  at  it —  and  yet  we 
know  it  is  a  monopoly.  Why  do  the  water  power  interests  try  to 
deceive  the  public?  What  can  be  their  purpose?  Under  such 
a  condition  of  affairs  is  it  surprising  that  members  of  Congress 
as  well  as  the  public,  look  with  suspicion  upon  any  suggestion 
coming  from  owners  of  this  monopoly.  But  as  long  as  the  water 
power  interest  suppress  the  facts  concerning  the  monopolistic 
tendencies  of  hydroelectric  development.  Congress  of  the  United 
States  cannot  be  blamed  for  its  refusal  to  be  rushed  off  its  feet 
in  the  consideration  of  water  power  legislation. 

D.  B.  Rushmore:  I  need  not  say  that  I  came  here  absolutely 
as  an  individual.  I  came  here  in  my  capacity  as  a  member  of 
the  Institute,  and  as  a  man  who  has  spent  his  life  on  water 
power  developments,  and  I  will  be  frank  with  some  of  my 
experiences.  I  have  never  lost  money  to  any  extent  in  any- 
thing else  except  water  power  development.  I  have  had  a  gen- 
tleman in  New  York  tell  me  that  he  has  had  in  one  autumn  sixty- 
six  men  who  controlled  water  powers  locally  and  also  men  from 
different  countries  come  to  him  and  ask  him  to  help  them  to 
raise  money  for  those  water  power  enterprises.    Now,  there  is 
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one  waterpower,  not  very  far  from  New  York,  in  which  the  man 
who  controlled  it  for  years  was  a  friend  of  a  friend  of  mine. 
This  friend  happened  to  call  at  our  office,  and  he  was  turned 
over  to  me.  He  had  the  right  to  a  waterpower  and  wanted  to 
raise  money  to  finance  it,  but  could  not  do  it.  He  had  been 
working  on  it  for  years  and  no  one  would  take  it  up.  I  had 
a  friend  of  mine  look  it  up  and  he  said  it  was  no  good,  that 
it  would  not  pay,  that  it  did  not  have  a  market.  The  proposi- 
tion was  finally  taken  to  Chicago  to  people  who  were  somewhat 
familiar  with  it.  I  know  they  had  a  difiicult  time  raising  the 
money,  people  did  not  want  to  go  into  it,  they  said  it  did  not 
look  good  to  them.  The  only  place  they  could  go  to  raise  the 
money  was  to  bankers  fgimiliar  with  the  project.  In  my  exper- 
ience as  an  engineer  I  have  always  seen  the  pressure  come  from 
the  other  side.  I  presume  there  are  in  New  York  every  year 
hundreds  of  men  who  control  complete  situations  trying  to  raise 
the  money  for  them.  If  you  talk  to  a  man  who  does  not  know 
anything  about  a  waterpower,  he  will  not  listen  to  you.  It 
seems  to  me  there  has  been  a  great  misconception  about  this 
matter. 

Mr.  Dunn  has  dealt  with  bankers  and  knows  the  difficulties 
of  raising  money  and  in  my  opinion  his  paper  will  add  very  much 
to  the  beneficial  result  of  our  meeting  here.  Mr.  Townley's 
discussion  can  also  be  brought  to  the  attention  of  those  who  are 
in  any  way  interested  in  this  very  broad  and  important  sub- 
ject. The  financing  of  water  powers,  as  Mr.  Townley  said, 
very  truly,  is  dependent  on  us.  Would  any  of  us  invest  our 
money  in  them.  I  know  a  couple  of  bond  brokers  who  sell  bonds 
in  the  Mohawk  Valley.  They  go  into  Amsterdam  and  offer  to 
sell  farmers  public  utility  and  water  power  bonds,  and  what 
the  farmers  pay  for  the  bonds  depends  on  the  conditions  on 
which  the  water  power  can  be  installed  and  operated.  The 
banker  goes  around  and  gathers  up  various  opinions  and  finds 
out  what  the  people  will  take  the  bonds  for. 

The  time  is  here  for  a  new  era  of  publicity.  We  are  all  afraid 
of  the  things  we  do  not  know — what  is  behind  the  doors  and 
what  is  not  brought  out  is  always  largely  open  to  suspicion. 
Take  the  public  into  your  confidence,  work  with  the  public, 
put  the  cards  right  down  on  the  table  before  the  public  and  show 
them  just  what  you  have. 

Oscar  T.  Crosby:  The  political  problems  confronting  us  in 
the  development  of  our  water  powers  are  these: 

First,  to  what  extent  shall  the  authority  of  the  general  govern- 
ment, as  distinguished  from  that  of  the  several  states,  determine 
the  location,  physical  construction  and  physical  operation  of 
water  power  plants? 

Second,  what  authority  shall  control  the  financial  operations 
of  water  power  companies,  including  in  this  phase  the  control 
of  rates? 

Third,  assuming  these  two  questions  as  settled  in  one  way  or 
another,  what  principle  should  underlie  the  control  of  rates, 
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of  financial  organization,  of  retiirn  to  capital  and  of  possible 
acquisition  by  public  authority  of  private  property  involved 
in  water  power  developments?  Let  us  take  up  these  questions 
in  the  order  I  have  indicated. 

Navigable  streams  are  now  fully  recognized  as  being  under 
the  jurisdiction  of  the  general  government.  There  is  no  conten- 
tion as  to  the  right  of  that  government  to  determine  for  or 
against  the  placing  in  such  streams  of  any  obstructions  whatever. 
There  is  very  grave  contention  as  to  the  conditions  which  may 
be  constitutionally  attached,  or  which  in  wise  policy  should  be 
attacked,  to  a  permission  given  by  the  general  government  in 
any  particular  case.  Should  the  sole  interest  of  navigation  be 
consulted,  with  no  consideration  affecting  investment  except  that 
the  proposed  works  should  not  result  in  navigation  costs  greater 
than  those  which  otherwise  wotdd  fall  upon  the  public? 

Should  consideration  of  flood  effects,  as  distinguished  from 
navigation  effects,  also  enter?  Should  questions  of  injury  and 
advantage  to  agricultural  lands,  through  drainage  or  irrigation 
be  considered  by  the  United  States  authorities? 

In  raising  these  questions,  we  raise  a  series  of  constitutional 
issues  which  it  would  be  long  and  hard  to  settle.  Happily, 
they  need  not  be  settled.  If  Smith  and  Jones  have  overlapping 
and  tangled  rights  in  respect  to  a  tract  of  land,  and  if  Brown 
wishes  to  use  the  land,  then,  without  waiting  for  the  law's  delay, 
the  proposed  use  of  the  land  may  be  effected  by  a  joint  grant,  or 
by  parallel  grants  from  Smith  and  Jones  to  Brown.  Let  Smith 
be  Uncle  Sam,  let  Jones  be  the  State  of  Ohio,  and  let  Brown  be 
a  water  power  company,  and  we  may  proceed  to  determine 
the  physical  questions  surrounding  any  situation  in  a  navigable 
stream.  We  may  even  go  further,  and  thus  cover  the  difficulties 
as  presented  by  the  question  as  to  what  is  a  navigable  stream, 
according  to  the  Constitution.  The  existing  legal  definitions  are 
such  as  would  let  almost  any  creek  into  the  dignified  con^pany 
of  streams,  which  must  recognize  in  Uncle  Sam  their  overlord. 

In  my  early  years,  as  a  young  officer  of  engineers,  I  examined 
a  "navigable  stream  (?)**  in  a  buggy.  Rubber  boots  would  have 
done  as  well,  but  for  the  length  of  the  thing. 

However  extreme  the  case,  we  may  rest  assured  that  a  hand- 
some appropriation  will  settle  most  "state's  rights"  doubts  as 
to  the  navigability  question.  But  if  no  appropriation  be  involved 
a  real  issue,  affecting  validity  of  permits,  remains  to  be  solved. 
Co-operation  of  Smith  and  Jones  is  the  true,  practical  solution 
of  this,  and  of  the  other  doubtful  points  concerning  floods, 
drainage,  etc. 

But  the  United  States  appears  in  quite  a  different  role  than 
that  of  overlord  and  largess-giver,  when  we  regard  the  public 
domain  in  our  Western  States.  Are  we  dealing  here  with  a 
sovereign,  or  with  a  mere  landlord-proprietor,  subject  to  the 
laws  of  the  local  sovereign — the  state?  In  my  judgment,  that 
is  the  true  view  of  the  case.    But  it  is  a  much  contested  point. 
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As  a  citizen  of  the  United  States,  concerned  that  all  states, 
east  and  west,  shotild  be  in  the  same  relation  to  lands  within 
their  bounds,  I  should  be  loath  to  see  any  assumption  of  an 
imperium  in  imperio,  by  the  general  government,  because  it  holds 
as  trustee  certain  lands  in  certain  Western  States.  As  one 
easterner,  I  want  to  register  my  cession  of  title  in  these  lands  to 
the  people  of  the  states  within  which  they  live.  But  if  this 
battle  cannot  be  won,  then  it  may  at  least  be  compromised  by 
the  same  principle  of  co-operation  in  grants  that  has  just  been 
proposed  in  the  case  of  navigable  streams.  But  this  compro- 
mise should  go  no  further  than  is  required  for  determining  the 
physical  elements, — the  construction  elements — of  each  case. 

When  we  meet  the  matter  of  financial  control  in  all  its  aspects, 
I  am  firmly  convinced  that  the  states  alone  shotdd  determine. 
Even  if  the  courts  shotdd  decide  that  the  general  government 
has  a  right  to  enter  this  field,  yet  would  I  contend  that  as  a  matter 
of  policy  it  shotdd  not  enter  it. 

There  are  good  men  in  the  Washington  bureaucracy,  but  there 
are  few  efficient  bureaucracies  in  all  the  world.  Can  mem  be 
established  in  this  city  to  administer  wisely  through  subordinates 
the  distant  affairs  of  a  Califomian  hydroelectric  company? 
Will  it  be  a  bearable  biu-den  if  an  operator  in  Oregon  must 
communicate  with  Washington  in  all  those  intimate  ways  which 
have  been  made  familiar  to  us  by  the  Public  Utility  Commissions 
of  our  states?  Is  the  burden  not  now  heavy  enough  when  re- 
course must  be  had  in  so  many  matters  to  boards  sitting  in  state 
capitols?  And  shall  we  have  in  the  same  state  one  control  for 
steam  plant  generation,  and  another  for  water  generation  of 
electricity?    What  confusion!    What  discotiragement! 

Let  us  hope  that  this  madness  of  centralization  of  control 
in  Washington  will  pass. 

Let  us  now  consider  the  principles  of  control,  without  respect 
to  the  question  as  to  which  of  our  dual  sovereignties  is  to  exercise 
that  control. 

Men  invest  money  in  public  utilities,  not  in  order  to  charge 
particular  rates  for  service,  but  in  an  effort  to  earn  a  return  on 
the  capital  invested.  That  is  the  objectiv*e.  A  just  and  reason- 
able rate  is  a  rate  that  will  cause  money  and  energy  to  flow  into 
the  enterprise  which  performs  a  given  service,  whether  that 
service  be  the  sale  of  electric  energy  or  the  sale  of  bread  or  shoes. 

Then  since  it  is  right  that  there  should  be  control  of  monopolies 
and  since  public  utilities  are  necessarily  monopolies  (in  the  long 
run  and  in  respect  to  at  least  some  part  of  their  clientele),  let  this 
control  express  itself  in  contracts  relating  in  plain  terms  and 
in  specific  figures  the  return  on  capital.  Rates  may  then  be  left 
to  those  who  conduct  the  operations,  subject,  of  course,  to  the 
usual  common  law  rule  againsl  discriminatory  practises. 

These  contracts  as  to  return  on  capital  may  vary  very  widely 
from  case  to  case;  they  should  generally  be  on  a  sliding  scale 
basis,  providing  lower  returns  in  proportion  to  assured  success, 


476  WATER  POWER  DEVELOPMENT  [April  26 

but  they  should  be  specific  and  clear.  Let  us  get  away  from 
the  unreasonable  "rule  of  reasonableness" — misrule  of  un- 
reasonableness— ^which  now  leaves  rates  and  returns  almost 
wholly  to  the  guess  of  commissioners.  Most  of  them  are  good 
men,  but  good  men  are  not  always  wise  men,  and  even  wise 
men  shotdd  not  be  left  to  decide  vast  property  interests  without 
guiding  principles  which  put  all  parties  on  notice  as  to  their 
rights.  Let  us  recognize  that  the  inventor  has  destroyed  the 
old  common  law  rule  of  reasonableness,  which  was  the  rule  of 
custom.  Now  the  ferment  of  invention  has,  for  nearly  a  hundred 
years,  prevented  custom  from  taking  a  "permanent  set,"  and 
this  ferment  is  destined  to  continue.  Customary  rates  will 
not  be  established.  Contract  rates  may  be  fixed  to  a  limited 
extent,  chiefly  as  maxima.  But  there  is  no  difficulty  infixing 
returns  to  capital  on  a  sliding  scale  in  each  contract  for  a  public 
service. 

And  as  to  the  final  chapter,  the  possible  taking  over  of  a 
property  by  the  public,  we  hear  far  too  much  about  it.  The  old 
law  of  eminent  domain  seems  to  be  forgotten.  No  "perpetual 
franchise"  can  hold  against  the  right  of  the  government  to  take 
anything  it  wants.  No  fixed  term  franchise  can  hold  against 
that  right.  A  grant  of  today  may  be  taken  tomorrow.  But 
private  property  must  be  paid  for  if  thus  taken.  Now,  the  terms 
of  payment  may  be  fixed  far  in  advance,  or  may  be  left  to  a  jury 
at  any  time.  If  we  had  contracts  fixing  possible  (not  guaranteed) 
returns  on  capital,  those  contracts  interpreted  in  the  light  of 
actual  results  obtained  by  operation,  and  with  known  investment 
figures,  would  render  relatively  simple  the  now  fearsome  task 
of  fixing  a  condemnation  value. 

I  append  a  copy  of  the  bill  proposed  by  me  some  years  ago 
to  cover  the  matter  of  permits  for  water-power  construction. 

(See  proposed  bill  referred  to  by  Mr.  Crosby  in  hearing  before 
National  Waterways  Commission,  Washington,  November,  1911, 
pages  136  and  137.) 

Gano  Dunn:  I  want  to  do  service  to  a  friend  and  to  say  to 
the  Honorable  Congressman  that  he  understood  Mr.  Baekeland 
exactly  the  reverse  of  what  Mr.  Baekeland  meant  about  Congress. 
Mr.  Baekeland's  experience  has  been  the  same  as  that  of  all  the 
rest  of  us  when  we  came  down  here — we  have  been  received 
very  courteously  and  listened  to  with  such  attention  that  we 
have  been  made  to  feel  that  every  member  of  Congress  or  the  com- 
mittee we  have  gone  before  has  been  extremely  desirous  of 
drawing  out  all  the  facts.  This  has  caused  us  to  revise  some  of 
our  former  false  opinions  to  the  contrary. 

I  would  like  to  read  to  the  Congressmen  and  others  who  may 
be  interested,  the  official  policy  of  the  American  Institute  of 
Electrical  Engineers  in  regard  to  these  matters,  especially  in 
view  of  his  suggestion  that  we  develop  and  bring  out  a  bill  for 
specific  suggestions  as  to  how  water-powers  should  be  handled: 
"The  governing  body  of  the  Institute  has  continued  its  special 
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From  the  Pennsylvania  Water  and  Power  Company, 
Mr,  A,  Bang,  Testing  Engineer. 
The  Pennsylvania  Water  and  Power  Company  operates  a  hydroelec- 
tric plant  located  at  Holtwood,  Pa.  The  generating  capacity  of  this 
plant  is  at  present  about  83,500  kw.;  the  current  is  three-phase,  25 
cycles,  and  generated  at  11,000  volts.  This  voltage  is  stepped  up  to 
70,000  volts  by  means  of  three-phase  transformers,  which  are  delta  con- 
nected on  the  low-tension  side  and  star  connected  on  the  high-tension 
side. 
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One-Line  Wiring  Diagram  ok  Generating  Station — Transmission 
AND  Substations 


The  bulk  of  this  power  is  transmitted  to  Baltimore,  Maryland,  through 
three  70,000- volt  40-mile  (G4-km.)  long  transmission  circuits.  At  the 
terminal  station  in  Baltimore  the  voltage  is  step])cd  d(Avn  from  60,000 
volts  to  13,200  volts  by  means  of  three-phase  transformers,  delta  connected 
on  the  high-tension  side  and  star  connected  on  the  low-tension  side.  This 
power  is  then  distributed  through  a  13,000-volt  underground  cable 
system  to  a  number  of  substations  located  in  Baltimore. 

A  minor  part  of  the  power  generated  at  Holtwood  is  transmitted  at 
70,000  volts  to  Lancaster,  Pa.,  where  the  voltage  is  stepped  down  to 
2300    volts  through  single-phase  transformers  connected  in  open  delta. 
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THE  RELATION  OF  PURE  SCIENCE  TO  INDUSTRIAL 

RESEARCH 


President's  Address 
by  j.  j.  carty 


IT  IS  not  strange  that  many  years  ago  Huxley,  with  his  remark- 
able precision  of  thought  and  his  admirable  command  of 
language,  should  have  indicated  his  dissatisfaction  with  the 
terms  "p\ire  science"  and  "applied  science",  pointing  out  at 
the  same  time  that  what  people  call  ''applied  science"  is  nothing 
but  the  application  of  pure  science  to  particular  classes  of  prob- 
lems. The  terms  are  still  employed,  possibly  because,  after  all, 
they  may  be  the  best  ones  to  use,  or  perhaps  our  ideas,  to  which 
these  expressions  are  supposed  to  conform,  have  not  yet  become 
sufficiently  definite  to  have  called  forth  the  right  words. 

It  is  not  the  purpose  of  this  address,  however,  to  suggest 
better  words  or  expressions,  but  rather  to  direct  attention  to 
certain  important  relations  between  purely  scientific  research  and 
industrial  scientific  research  which  are  not  yet  sufficiently  under- 
stood. 

Because  of  the  stupendous  upheaval  of  the  European  war 
with  its  startling  agencies  of  destruction — the  product  of  both 
science  and  the  industries — and  because  of  the  deplorable  unpre- 
paredness  of  our  own  country  to  defend  itself  against  attack, 
there  has  begun  a  great  awakening  of  our  people.  By  bringing 
to  their  minds  the  brilliant  achievements  of  the  membership 
of  this  Institute  in  electric  lighting  and  power  and  communica- 
tions and  by  calling  their  attention  to  the  manifold  achieve- 
ments of  the  members  of  our  sister  societies  in  mechanical  and 
mining  and  civil  engineering,  and  the  accomplishments  of  our 
fellow-workers,  the  industrial  chemists,  they  are  being  aroused 
to  the  vital  importance  of  the  products  of  science  in  the  national 
defense. 

Arising  out  of  this  agitation  comes  a  growing  appreciation 
of  the  importance  of  industrial  scientific  research,  not  only  as  an 
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^f'yjj.'ji  ar<i  furthermore  lied  in  with  the  overhead  ground  wires  on  the 
irajibjr^ibbion  lines.  All  these  connections  are  made  solid  and,  therefore, 
d'^  not  eabily  lend  themselves  to  regular  tests:  such  tests  are  consequently 
not  made,  but  occasionally  inspections  are  made  of  the  cables  connecting 
w:th  the  ground  plates,  etc.,  to  see  that  such  connections  have  not  been 
torn  l<>ose. 

From  time  to  time  other  tests  have  been  made  on  the  individual 
"ground"  and  some  of  the  results  are  as  follows: 

Clj  Fore  bay  ground  consisting  of  four  interconnected  copper  plates, 
2  ft.  6  in.  (82.2  cm.)  by  3/32  in.  (2.38  mm. I,  buried  in  the  mud,  0.04  ohms. 

(2)   Large  castings  in  the  tail  race  f three  in  multiple)  4.4  ohms. 

(3;  Individual  tower  grounds  on  the  transmission  line,  stubs  set  in 
concrete  but  grounded  by  means  of  a  paragon  cone  and  measurements 
taken  with  the  ground  wire  removed,  150  to  350  ohms. 

(4;  Recent  measurements  taken  between  all  the  power  house  grounds 
connected  in  multiple,  and  a  similar  system  of  grounds  at  the  substation 
¥)  miles  f64.3  km. )  away,  showed  a  combined  resistance  of  about  2  ohms, 
though  it  is  not  possible  to  say  how  much  of  this  is  located  at  the  power 
house  and  how  much  at  the  substation. 

The  current  in  the  neutral  is  used  to  secure  selective  relay  operation  in 
the  following  way: 

(.)ne  or  two  of  the  transformers  of  each  group  supplying  a  transmission 
circuit  have  tht-ir  neutrals  grounded  at  the  power  house.  The  ground  cur- 
rent from  any  transmission  circuit  will,  therefore,  pass  through  the  neutral 
ground  resistance  of  that  circuit,  and  this  ground  current  acts  through  a 
current  transformer  on  a  relay,  whi(.h  latter  opens  the  low-tension  switches 
of  the  transformers  connected  at  the  power  hc»use.to  that  particular  trans- 
misbion  circuit.  This  system,  from  the  ver\-  start  of  the  plant,  has  given 
satisfaction  in  respect  to  selective  action  on  grounds  and  is  considered  as 
one  of  the  main  advantages  of  running  the  system  with  a  grounded  neutral. 
It  is  to  be  noted  that  the  above  relay  action  is  quite  distinct  from  the 
action  obtained  with  the  Nicholson  arc  extinguisher,  the  latter  requir- 
ing a  heavy  ground  current  to  energize  its  series  relay,  while  the  former 
does  not  require  heavy  current  for  the  operation  of  its  relay. 

The  current  obtained  when  an  accidental  ground  takes  place  on  the 
line  will  naturally  vary  greatly,  depending  upon 

(a;  The  character  of  the  ground,  i.  e.,  whether  it  in  itself  contains 
appreciaVjle  ohmic  resistance  or  not;  but  even  if  we  consider  that  we  are 
dealing  only  with  "dead  grounds"  the  amount  of  current  vnXl  vary  with 
the  total  amount  of  impedance  in  the  circuit  and  will,  therefore,  depend 
on 

(b,j  The  amount  of  resistance  contained  in  the  grid  iron  rheostat  used 
in  the  neutral  of  the  transformer; 

(cj   The  number  of  transformers  grounded; 

(d;   The  generator  capacity  behind  the  ground; 

(ej  The  location  of  the  ground,  i.  e.,  whether  near  the  substation  or 
power  house; 

(f;  Furthermore  the  ground  current  will  vary  with  time,  being  greater 
during  the  first  few  cycles  and  then  gradually  dying  out,  due  to  the  de- 
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magnetizing  of  the  generators  and  the  heating  of  resistance  grids,  in  the 
neutral. 

In  the  following  tabulation  some  results  are  given  of  calculations  of 
the  ground  current  as  based  on  a  number  of  oscillograms  taken  on  the 
P.  W.  &  P.  Go's,  system  to  determine  the  exact  value  of  ground  currents 
for  different  locations  and  conditions. 


INITIAL   RUSH  OF  CURRENT  WHICH   TAKES   PLACE  ON   THE   P.   W. 
CO'S.  SYSTEM  WHEN  A  LINE  IS  GROUNDED. 
Baltimore — Holtwood  Circuit 
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The  accompanying  sample  oscillogram  illustrates  the  characteristics 
of  such  a  ground  current. 
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*'B"  Phase  Ground  in  Piney  Island — Gen.  1  and  2 — Trans.  1  and  2 
— Ground  Stacks   1   and  2 — Voltage    10,500   Volts    Before   Test 


The  operating  record  for  1915  of  the  P.  W.  &  P.  Go's,  system  is  given 
below,  as  far  as  single  grounds  are  concerned  without  accompanying  short 
circuits.  It  should  be  noted  that  in  all  cases  the  grounds  were  cleared 
without  serious  interference  with  the  operation  of  the  system  and  that  none 
of  them  lasted  more  than  four  seconds.  (Only  in  one  case  was  a  small 
part  of  the  load  lost  and  then  only  for  a  few  minutes.) 
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centers  of  industrial  activity.  Their  number  and  character  and 
size,  and  their  method  of  operation  and  their  relation  to  the 
technical  and  engineering  schools,  and  the  method  of  their  work- 
ing with  the  different  industries,  are  all  matters  which  involve 
many  interesting  problems — ^problems  which  I  am  sure  will  be 
solved  as  they  present  themselves  and  when  their  nature  has 
been  clearly  apprehended. 

In  the  present  state  of  the  world's  development  there  is  nothing 
which  can  do  more  to  advance  American  industries  than  the 
adoption  by  our  manufacturers  generally  of  industrial  research 
conducted  on  scientific  principles.  I  am  sure  that  if  they  can 
be  made  to  appreciate  the  force  of  this  statement,  our  manufac- 
turers will  rise  to  the  occasion  with  all  that  energy  and  enter- 
prise so  characteristic  of  America. 

So  much  has  already  been  said  and  so  much  remains  to  be 
said  urging  upon  us  the  importance  of  scientific  research  con- 
ducted for  the  sake  of  utility  and  for  increasing  the  convenience 
and  comfort  of  mankind,  that  there  is  danger  of  losing  sight 
of  another  form  of  research  which  has  for  its  primary  object 
none  of  these  things.    I  refer  to  pure  scientific  research. 

In  the  minds  of  many  there  is  confusion  between  industrial 
scientific  research  and  this  purely  scientific  research,  particularly 
as  the  industrial  research  involves  the  use  of  advanced  scientific 
methods  and  calls  for  the  highest  degree  of  scientific  attainment. 
The  confusion  is  worse  because  the  same  scientific  principles  and 
methods  of  investigation  are  frequently  employed  in  each  case 
and  even  the  subject  matter  under  investigation  may  sometimes 
be  identical. 

The  misunderstanding  arises  from  considering  only  the  sub- 
ject matter  of  the  two  classes  of  research.  The  distinction  is 
to  be  found  not  in  the  subject  matter  of  the  research,  but  in  the 
motive. 

The  electrical  engineer,  let  us  say,  finding  a  new  and  unex- 
plained difficulty  in  the  working  of  electric  lamps,  subjects  the 
phenomenon  observed  to  a  process  of  inquiry  employing  scientific 
methods,  with  a  view  to  removing  from  the  lamps  an  objection- 
able characteristic.  The  pure  scientist  at  the  same  time  investi- 
gates in  precisely  the  same  manner  the  same  phenomenon,  but 
with  the  purpose  of  obtaining  an  explanation  of  a  physical 
occurence,  the  nature  of  which  cannot  be  explained  by  known 
facts.  Although  these  two  researches  are  conducted  in  exactly 
the  same  manner,  the  one  nevertheless  comes  imder  the  head  of 
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industrial  research  and  the  other  belongs  to  the  domain  of  pure 
science.  In  the  last  analysis  the  distinction  between  pure  scien- 
tific research  and  industrial  scientific  research  is  one  of  motive. 
Industrial  research  is  always  conducted  with  the  purpose  of 
accomplishing  some  utilitarian  end.  Pure  scientific  research  is 
conducted  with  a  philosophic  purpose,  for  the  discovery  of  truth, 
and  for  the  advancement  of  the  boundaries  of  human  knowledge. 

The  investigator  in  pure  science  may  be  likened  to  the  explorer 
who  discovers  new  continents  or  islands  or  hitherto  unknown 
territory.  He  is  continually  seeking  to  extend  the  boundaries 
of  knowledge. 

The  investigator  in  industrial  research  may  be  compared  to 
the  pioneers  who  survey  the  newly  discovered  territory  in  the 
endeavor  to  locate  its  mineral  resources,  determine  the  extent 
of  its  forests,  and  the  location  of  its  arable  land,  and  who  in 
other  ways  precede  the  settlers  and  prepare  for  their  occupation 
of  the  new  country. 

The  work  of  the  pure  scientists  is  conducted  without  any  utili- 
tarian motive,  for,  as  Huxley  says,  "that  which  stirs  their  pulses 
is  the  love  of  knowledge  and  the  joy  of  discovery  of  the  causes 
of  things  sung  by  the  old  poet — the  supreme  delight  of  extend- 
ing the  realm  of  law  and  order  ever  farther  towards  the  unattain- 
able goals  of  the  infinitely  great  and  the  infinitely  small,  between 
which  our  little  race  of  life  is  run."  While  a  single  discovery 
in  pure  science  when  considered  with  reference  to  any  particular 
branch  of  industry,  may  not  appear  to  be  of  appreciable  benefit, 
yet  when  interpreted  by  the  industrial  scientist,  with  whom  I 
class  the  engineer  and  the  industrial  chemist,  and  when  adapted 
to  practical  uses  by  them,  the  contributions  of  pure  science 
as  a  whole  become  of  incalculable  value  to  all  the  industries. 

I  do  not  say  this  because  a  new  incentive  is  necessary  for  the 
pure  scientist,  for  in  him  there  must  be  some  of  the  divine  spark 
and  for  him  there  is  no  higher  motive  than  the  search  for  the 
truth  itself.  But  surely  this  motive  must  be  intensified  by  the 
knowledge  that  when  the  search  is  rewarded  there  is  sure  to  be 
fdund,  sooner  or  later,  in  the  truth  which  has  been  discovered, 
the  seeds  of  future  great  inventions  which  will  increase  the  com- 
fort and  convenience  and  alleviate  the  sufferings  of  mankind. 

By  all  who  study  the  subject,  it  will  be  found  that  while  the  dis- 
coveries of  the  pure  scientist  are  of  the  greatest  importance 
to  the  higher  interests  of  mankind,  their  practical  benefits, 
though   certain,   are   usually   indirect,   intangible  or   remote. 
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happened.  So  great  have  been  the  fatalities  of  the  war  that  the 
universities  of  the  old  world  hardly  dare  to  count  their  dead. 

But  what  can  the  American  universities  do,  for  they,  like 
the  pure  scientists,  are  not  engaged  in  a  lucrative  occupation. 
Universities  are  not  money-making  institutions,  and  what  can 
be  done  without  money? 

There  is  much  that  can  be  done  without  money.  The  most 
important  and  most  fundamental  factor  in  scientific  research 
is  the  mind  of  a  man  suitably  endowed  by  nature.  Unless  the 
scientific  investigator  has  the  proper  genius  for  his  work,  no 
amoimt  of  financial  assistance,  no  apparatus  or  laboratories, 
however  complete,  and  no  foreign  travel  and  study  however 
extensive,  will  enable  such  a  mind  to  discover  new  truths  or  to 
inspire  others  to  do  so.  Judgment  and  appreciation  and  insight 
into  character  on  the  part  of  the  responsible  university  author- 
ities must  be  applied  to  the  problem,  so  that  when  the  man  with 
the  required  mental  attributes  does  appear  he  may  be  appre- 
ciated as  early  in  his  career  as  possible.  This  is  a  very  diflScult 
thing  to  do  indeed.  Any  one  can  recognize  such  a  man  after  his 
great  achievements  have  become  known  to  all  the  world,  but 
I.  sometimes  think  that  one  who  can  select  early  a  man  who 
has  within  him  the  making  of  the  scientific  discoverer  must 
have  been  himself  fired  with  a  little  of  the  divine  spark.  Such 
.surely  was  the  case  with  Sir  Humphrey  Davy,  himself  a  great 
discoverer,  who,  realizing  the  fundamental  importance  of  the 
man  in  scientific  discovery,  once  said  that  Michael  Faraday, 
whose  genius  he  was  prompt  recognize,  constituted  his  greatest 
discovery. 

I  can  furnish  no  formula  for  the  identification  of  budding  genius 
and  I  have  no  ready-made  plan  to  lay  before  the  universities 
for  the  advancement  of  pure  scientific  research.  But  as  a  repre- 
sentative of  engineering  and  industrial  research,  having  testified 
to  the  great  value  of  piu-e  scientific  research,  I  venture  to  sug- 
gest that  the  university  authorities  themselves  might  well  con- 
sider the  immense  debt  which  engineering  and  the  industries 
and  transportation  and  communications  and  commerce  owe  to 
pure  science,  and  to  express  the  hope  that  the  importance  of 
pure  scientific  research  will  be  more  fully  appreciated  both 
within  the  university  and  without,  for  then  will  come — and  then 
only — that  sympathetic  appreciation  and  generous  financial 
support  so  much  needed  for  the  advancement  of  pure  scientific 
research  in  America. 
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the  authors,  check  within  reasonable  margin  of  the  experience 
of  the  writer. 

In  considering  the  requirements  of  reversing  rolling  mill 
motors,  it  is  interesting  to  note  the  similarity  between  the  factors 
affecting  their  electrical  design  and  those  for  a  mine  hoist.  Both 
are  required  to  accelerate  rapidly,  and  to  carry  very  heavy  dead 
loads,  during  acceleration.  In  fact,  in  these  respects  the  require- 
ments of  a  mine  hoist  motor  are  frequently  more  severe  than  for 
the  reversing  mill  motor.  The  roll  motor  is  required  to  accelerate 
but  little  in  addition  to  its  own  armature,  and  usually  reversal 
and  acceleration  to  partial  speed  are  accomplished  without  any 
dead  load,  although  the  equipment  should  have  sufficient  capacity 
to  accelerate  rapidly  with  the  piece  in  the  rolls.  On  the  other  hand, 
the  hoist  motor  must  accelerate  in  addition  to  its  armature  the 
drums,  ropes,  cages  and  load  which  may  be  equivalent  to  several 
times  the  armature,  and  must  always  handle  full  load  throughout 
the  acceleration.  It  is  true  that  the  time  allowed  for  accelerating 
a  mine  hoist  motor  is  more  than  that  allowed  for  the  reversing 
mill  motor,  but  the  increased  time  is  not  proportional  to  the 
increased  load  to  be  accelerated,  so  that  frequently  from  the 
standpoint  of  peak  loads,  the  requirements  for  the  mine  hoist 
motor  are  more  severe  than  those  for  the  reversing  mill  motor. 

The  shocks  to  which  a  reversing  mill  motor  is  subjected  are, 
of  course,  more  severe,  and  very  much  more  so  than  those  to 
which  a  mine  hoist  motor  is  subjected,  but  are  the  same  as  those 
to  which  the  ordinary  non-reversing  steel  mill  motor  is  called 
upon  to  meet,  so  that  the  reversing  mill  motor  becomes  essen- 
tially a  direct-current  motor  capable  of  withstanding  the  peak 
loads  met  with  in  mine  hoist  service,  constructed  mechanically 
to  withstand  the  shock  and  vibrations  incident  to  rolling  with 
the  windings  held  firmly  to  prevent  injury  from  the  mechanical 
and  electrical  shocks. 

The  all  important  question  is  production,  and  in  my  experience 
the  steam  advocate  has  made  a  greater  point  of  the  speed  of  the 
steam  mill  as  compared  with  the  electric  mill  than  he  has  on  the 
questions  of  economy  or  first  cost,  although  many  have  claimed 
these  advantages  also,  and  the  present  electrically  driven  mills 
are  referred  to  by  him  as  being  slow  due  to  the  time  required  to 
accelerate.  In  this  extremely  important  detail,  the  characteristics 
of  the  reversing  rolling  mill  motor  differ  from  those  of  the  mine 
hoist  motor  apart  from  the  effect  of  the  time  of  reversal  on  the 
peak  current  taken  by  the  motor.  It  is  well  known  that  time  is 
required  to  build  up  and  discharge  a  magnetic  field:  the  rate 
being  dependent  upon  the  time-constant  of  the  field  winding. 

The  importance  of  this  is  suggested  by  the  author,  but  appar- 
ently in  the  equipment  thus  far  installed  every  reasonable  means 
has  not  been  resorted  to,  to  bring  about  a  rapid  change  of  field  and 
resulting  rapid  acceleration  and  retardation.  The  accumulative 
compotmd  windings  on  the  motors  tend  to  increase  the  time  of 
rolling  by  lowering  the  rate  of  acceleration  and  decreasing  the 
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On  account  of  the  fact  that  it  was  desirable  to  make  the  lowering  trans- 
formers of  the  Big  Creek  system  of  the  same  design  for  both  voltages  so 
that  they  could  be  connected  in  series  for  60,000  volts  or  in  parallel  for 
15,000  volts,  the  60-kv.  and  15-kv.  systems  are  in  phase,  hence  they 
require  delta-delta  transformations  at  the  remote  points  where  the  60,000- 
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volt  feeders  deliver  to  the  15,000- volt  network.  This  precluded  the  pos- 
sibility of  a  grounded  star  connection  at  the  latter  points  of  transforma- 
tion. 

Previous  to  the  advent  of  Big  Creek,  the  15,000- volt  system  had  been 
fed  from  a  40,000-kw.  steam   turbine  plant  of  which  the  neutral  was 
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I  would  like  to  point  out  a  few  results  obtained  on  the  Steel  Com- 
pany of  Canada's  mill  referred  to  in  their  paper. 

This  mill  has  been  operating  since  the  early  part  of  1913  with 
very  good  results,  and  the  experience  gained  brings  out  some 
very  interesting  answers  to  the  five  general  questions  raised  by 
the  steam  men  in  favor  of  steam  rather  than  electric  drive.  In 
the  tables  herewith,  are  complete  costs  covering  this  installation, 
and  operating  costs  for  the  three  years  1913  to  1915,  and  an 
average  for  the  same  period. 

As  the  Hamilton  Mill  purchases  power,  I  cannot  give  any 
comment  on  the  relative  costs  of  steam  and  electrical  drive. 
However,  in  Table  I  is  given  a  comparison  showing  the  operating 
costs,  interest  on  investment,  depreciation  and  miscellaneous 
charges  covering  this  particular  installation .  This  shows  an  aver- 
age total  cost  for  the  three  years  of  only  43. 1  cents  per  ton.  This 
figure  includes  a  depreciation  charge  which  considers  the  instal- 
lation as  valueless  at  the  end  of  a  20-year  period,  and  a  miscel- 
laneous charge  which  includes  all  power  for  lighting,  tables,  crane, 
conveyor,  pumps,  motors,  etc.,  used  in  this  mill.  The  largest 
item,  power  cost,  is  exact,  as  it  is  metered,  and  the  other 
items  are  charges  made  direct  with  no  estimating,  the  result 
being  that  the  total  is  an  exact  cost  without  any  estimation  what- 
ever, in  arriving  at  the  results.  These  are  the  actual  book 
figures. 

TABLB   No.  1. 


Year 

1913 

1014 

1916 

Average 
or  total 

Per  cent 

Operating 

0  months 

8  months 

12  mo. 

Tonnage 

110.230 

02.622 

174.460 

386.312 

Kw-hr.  per  ton, 

23.0 
S.0160 

22.8 
$0,153 

21.5 
S.0144 

23.4 
$0,157 

36.40 

Power  cost 

Repairs  and  maintenance. . . 

0.077 

0.000 

0.004 

0.006 

1.40 

Miscellaneous  supplies 

0.004 

0.005 

0.003 

0.004 

0.00 

Labor  in  operation 

0.014 

0.016 

0.013 

0.014 

3.25 

Total    operating  cost 

0.186 

0.183 

0.164 

0. 181 

Interest  on  investment 

(S156.000) 

0.078 

0.101 

0.054 

0.73 

16.00 

Depreciation  (20  years) 

0.065 

0.084 

0.045 

0.060 

13.06 

Total  operating  and   fixed 

costs 

0.328 
0.126 
0.454 

0.368 
0.133 
0.501 

0.263 
0.115 
0.378 

0.314 
0.117 
0.431 

27.20 
100.00 

Miscellaneous 

Total  cost  

The  question  of  energy  saved  during  reversal  is  a  very  inter- 
esting subject  in  connection  with  a  paper  of  this  kind.  How  many 
rollers  on  reversing  mills  in  this  country  are  paid  straight  time? 
How  many  are  paid  tonnage  rates?  The  answer  is  that  practi- 
cally every  mill  is  paying  tonnage  rates,  with  the  result  that 
speed  is  the  sole  question  in  the  operators'  mind.  Furthermore 
this  speed  is  obtained  by  using  live  steam  to  reverse  the  engine 
rapidly.    In  a  mptor-driven  mill  a  certain  per  cent  of  the  stored 
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At  the  rec'ei\-ing  station  at  Eagle  R-'»ck  the  operator  kills  the  field  of 
condensers  at  once  by  opening  the  circuit  c»f  the  automatic  voltage  regu- 
lator. As  soon  as  he  sees  that  the  yK:»wer  house  has  overcome  the  trouble 
and  the  voltage  is  coming  ut-  again,  he  c'o^es  the  regulator  circuit. 

Governors  at  the  power  house  rr.ust  take  care  of  the  s]:»eed  when  the 
load  is  dro^ypei.     They  always  do  this. 

For  the  remainder  of  the  system  f-n  th'-'se  lines  which  are  controlled  by 
automatic  circuit  breakers,  the  switches  are  closed  after  opening  on 
trouV.e,  and  if  the  short  circuit  or  ground  is  st:ll  on  the  line,  the  switch 
is  left  open  and  men  sent  out  to  find  the  trouble.  Where  the  switches  are 
net  automatic,  the  above  operations  are  performed  m.anually. 

<  >n  the  15iM>H>.V'Mt  system,  from  Big  Cretk,  the  trouKes  are  entirely 
<:*!  t  wo  km  iv: 

First,  tr-  u'  \  rir:>:r  tj  fr-  'Vr,  the  humar:  e'l  Ttr-t  < -f  which  cla>->  three  cases 

have    '...UTt-d. 

a  A  m.an  digging  a  we'l  put  in  tc»o  heavy  a  charge  of  powder  and 
b'.ew  j>..mie  drr-ris  m:-'.  tht-  l:r,f. 

!•  A  tree  wa<  left  >:ar.dmg  too  cLise  to  the  line  and  in  felling  it 
a  gr--.und  was  caused. 

■c  A  farmer  drcvt-  a  hay  stacker  with  derrick  erected  at  a  height  of 
s-  m.e  HO  ft.    10.9  mi.    above  the  gr(.und  inti.-  Contact  with  the  line. 

Second,  the  other  and  m.c.re  frequent  cau^e  of  trouble,  of  which  some 
twelve  or  fifteen  cases  occur  each  year,  is  the  s^'illmg  over  of  insulators  in 
the  mid  fie  ha. f  of  the  l:ne.  We  have  not  bten  able  to  determine  the  cause 
of  these  -p'lr.overs  or  locate  any  operating  or  climatic  coincidents  which 
woulJ  mduate  their  origin.  They  seem  tC'  c»vcur  at  all  hours  of  the  day 
ar.d  m^ht  an  1  under  all  weather  coniiiic-n^.  but  are  absent  from  the  end 
quarters  « ■:  the  'me. 

<'>u:-:  :e  <-<:  the  15().(HHUvolt  system.,  the  greater  number  of  troubles 
'..cur  from  personal  interference,  either  accidental  or  malicious,  of  both 
£m:loyees  and  outsiders. 

On  a  system  cc>nta:ning  so  m.any  m.iles  of  lines  and  nearly  lOOsubs'a- 
tion>,  the  opp^.rtunities  for  misun  ier>tan.:ing>  and  m.istakes  are  many. 
Thi-  IS  mtensif.ei  by  the  fact  that  the  oj'eration  of  the  lines  and  substa- 
tion- are  under  the  control  r.f  three  entirely  independent  corporations. 

Another  cause  •>!  trc^uMe  i>  the  u-ua'  c-ne  of  washing  out  c>f  lines  during 
f.i'O:-  and  similar  a..i  ient>.  'lependmj:  c-n  the  leather. 

.\  considerable  number  of  interru;  tu-ns  have  c»ccurred  by  reason  of 
tr.e  continued  failure  of  a  certain  class  d  pm-type  in>ulators  on  the 
5<».0(>n-volt  line^.  whuh  h,a\'t  V»een  in  operation  about  ten  years.  There 
seem-  :<•  be  a  c<"»ntinu<'U-  dt-:  reviati^n  (.»r  weakening  of  these  insulators, 
whi-h  be.<'me>  n-'tiv laMe.  m  t'*-.'"'<e  part-  .f  the  line  where  the  weather 
con  1;: I'.-n-  are  rr.   >:  m  vi  re. 

The  -u-])en>:  n  in>u\i:  -r-  u-e :  ■  .n  v.-.ttii^  of  the  distributing  lines  have 
caus-t  a  number  .f  failure-.  alth-'Ugh  cari-ful  inspection  c»f  the  Big  Creek 
line  ha^  -o  far  been  micC'---!u1  in  elmiinatmg  the  defective  insulators  in 
time  to  ^irevtnt  trc'uble. 

The  only  other  -eri'-u-  cau-e  of  interruption  is  the  combination  of  sum- 
mer fog  an  I  du-t,  cau-m^  -iirface  leakage  t.»ver  the  insulatc»r,  which  carries 
sufficient  /urrenl  to  set  the  j»(<ie  on  fire.  In  the  last  few  years,  interrup- 
tions from  this  cau-e  have  been  practually  eliminated  by  the  expedient 
of  electrically  conne^tin^  the  in-ulator  ])ins,  which  are  of  iron. 
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No  complete  detailed  analysis  of  these  various  kinds  of  trouble  has  been 
made,  so  that  I  am  not  able  to  give  you  more  than  the  above  generaliza- 
tion. 

From  Mt,  Whitney  Power  and  Electric  Company, 
Mr,  Fred  G.  Hamilton,  Supt.  W,  Dtv. 
This  company  is  operating  practically  200  miles  of  33,000-volt  trans- 
mission lines.    The  lines  are  arranged  in  the  form  of  a  figure  eight  and  are 
fed  by  four  hydroelectric  and  two  steam  plants. 
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The  neutral  is  grounded  on  each  hydroelectric  plant,  but  there  is  no 
ground  at  the  steam  plants  or  any  of  the  substations. 

The  elevation  of  the  hydroelectric  plants  is  practically  1150  ft.  (350  m.) 
while  the  substations  are  located  at  an  elevation  of  350  ft.  (106  m.) 

It  has  always  been  our  method  of  operation  and  we  have  no  data  upon 
non-grounded  operation.  We  have  experienced  no  particular  difficulties 
particularly  chargeable  to  the  grounded  system.     We  have  had  grounds 
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.     .    .; V  ,;^  ,^w  it.nisinissicjn  line  which  we  cleared  up  by  cutting 

.'.     ».  ,.'  ^    ^sN  •  .-^    hN   trial,  between  the  substations.     The  switching 
.    ,n.     •>    <    >v^,|  ^hs|)atchor  at  the  Visalia  steam  plant. 

^ i-\  V'  \»H  very  efficient  service  and  the  worst  cases  of  inter- 

...     ♦  V     '  '  \  x»l  short  duration.     Since  our  voltage  is  comparatively 
v*v     .<^^^  \\a^\  no  experience  on  non-grounded  operation,  we  are 
«.   ♦   .'  ^...»^'u  lo  jjive  comparative  data,  which  would  be  of  much  assis- 
''\M  v'Ui   vi»ltuge  we  feel  that  non-groundefl  lines  would  probably 
^  N .      .V*  .is►^'d  'irivice  as  our  grounded  system. 
••. ...  /  '<v  ioronto  Power  Company, 
\Jf    t\  a  Clark,  Chief  Engineer. 
I  u.    quv^tiun   of  grounded  or  ungrounded  neutral  can  be  considered 
<     n  >liitiiiiit  points  of  view. 

Wiiviv  vlruinage  of  accumulated  electrostatic  charges  is  required  to 
(.wi'l  I  \it*r,-.ive  d-c.  i)otential,  grounding  is  very  effective  as  it  will  drain 
.11  all  All  h  charges  to  earth,  while  on  ungrounded  systems  this  will  have 
ivi  t»u  Idken  care  of  by  the  lightning  arresters.  This  phenomenon  is  very 
imuoual  in  the  northern  ])art  of  this  continent,  and  is  usually  safely 
L.Ai-u  I  are  (jf  by  the  lightning  arresters. 

(  ontinuity  of  service  can  be  preserved  by  either  one  of  the  two  systems 
(li  landing  entirely  on  local  conditions, 
lirounding  should  be  api)lied: 

Where  a  reliable  selective  relay  protection  is  available  cutting  out  a 
faulty  line  without  causing  a  service  interruption. 

Where  the  lines  have  to  be  operated  in  parallel  on  the  high-tension 
bide  and  where  the  line  insulation  is  unreliable. 

In  this  case  grounding  will  prevent  the  spreading  of  a  breakdown  on  one 
phase  of  c)ne  line  to  other  i)hases  of  another  line  thus  avoiding  a  long 
total  interrui)tion. 

Where  this  high  insulation  exists  so  that  other  phases  can  stand  momen- 
tary (jver- voltage  due  to  one  phase  flashing  to  ground  or  where  the  lines 
(an  be  operated  sectionalized  from  the  high-tension  side,  the  spreading 
of  a  fault  from  one  line  to  another  due  to  the  momentary  voltage  rise  on 
the  sound  phases  as  occurs  on  an  insulated  system,  is  not  to  be  feared. 
Accordingly  nothing  can  be  gained  from  grounding  in  this  case.  On  the 
contrary,  grounding  may  cause  unnecessary  disturbances  and  interrup- 
tions, whenever  one  ])hase  only  is  affected  which  would  be  particularly 
detrimental  to  continuity  of  service  where  no  reliable  selective  relay 
protection  is  available. 

The  decision  on  the  question  of  solid  or  resistance  grounds  should  be 
guided  by  the  line  insulation  and  by  the  ability  of  the  apparatus  to  with- 
stand short-circuit  strains.  Where  low  and  unreliable  insulation  on  the 
line  is  the  prime  object  of  grounding  and  where  the  equipment  is  built 
to  resist  effectively  any  short-circuit  strains,  solid  grounds  should  be  used. 
Where,  however,  the  insulation  is  high  and  reliable  and  where  the  equip- 
ment may  be  somewhat  mechanically  weak,  a  ground  resistance  will  be 
desirable  to  reduce  the  mechanical  strain  of  single-phase  short  circuits. 
I  would  further  advise  that  our  transmission  system  from  Niagara  Palls 
to  Toronto  is  composed  of  four  circuits  operating  ungrounded  at  60,000 
volts.     The  transformers  on  either  end  are  delta  connected. 
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is  usually  about  3/16  in.  The  armature  winding  is  furthermore 
provided  with  nimierous  equalizing  connections,  at  least  one  for 
each  slot. 

With  the  above  design  it  has  been  found  that  the  motors  will 
operate  absolutely  sparkless,  even  for  the  highest  peak  loads  and 
in  watching  the  commutators  of  several  such  machines,  they 
have  operated  so  perfectly  that  it  was  impossible  to  determine 
whether  they  carried  a  load  or  not.  This  applied  even  to  peak 
loads  where  the  non-compensated  potential  between  the  brush 
edges  would  have  been  approximately  40  volts.  The  average 
voltage  between  the  two  commutator  bars,  that  is,  the  operating 
voltage  divided  by  the  number  of  commutator  bars  between  two 
brush  positions  does  not,  for  such  machines,  exceed  20  volts  which 
must  be  considered  a  conservative  value. 

Generators 

It  is  the  general  European  practise  to  use  two  generators  of 
from  500  to  750  volts  (usually  600  volts)  connected  in  series  and 
consequently  the  same  practise  as  in  the  United  States.  For 
the  newest  installations  the  speed  is,  however,  considerably 
higher  than  was  the  case  some  years  ago,  and  which  still  seems 
to  be  maintained  in  the  United  States.  But  this,  only  re- 
fers to  the  modem  installations  which  were  completed  shortly 
before  and  after  the  beginning  of  the  war.  Sufficient  time  has 
elapsed  since  these  motor-generator  sets  were  installed  and  the 
results  obtained  have  clearly  demonstrated  that  such  speeds  are 
entirely  satisfactory  and  safe,  and,  as  far  as  Europe  is  concerned, 
they  have  caused  a  revolution  in  the  design  of  such  machines. 
The  first  cost  is  considerably  lower,  while  the  space  required  is 
also  much  lower  and  the  efficiency  higher.  Comparing  such  a 
flywheel  motor-generator  set  with  the  older  designs,  one  is  im- 
mediately astonished  by  its  small  dimensions.  The  Bethlehem 
Steel  set  could  have  had  a  speed  of  at  least  514  instead  of  375 
revolutions,  that  is,  at  60  cycles  the  induction  motor  should  have 
had  14  poles. 

With  the  higher  speed  the  motor  generator  can  be  built 
much  smaller  and  this  particularly  refers  to  the  flywheel.  For 
a  certain  WR-  it  is  evident  that  the  mass  of  the  wheel  and 
consequently  also  its  weight  can  be  the  same,  independent 
of  what  speed  .is  chosen,  if  only  the  peripheral  speed  is  main- 
tained constant.  In  most  cases,  however,  the  diameter  of  the 
flywheel  is  limited  by  shipping  facilities  to  about  4  meters — 13 
ft.  and  the  peripheral  speed  by  the  permissible  stresses  at  maxi- 
mum runaway  speed,  this  usually  being  taken  as  25  per  cent 
above  normal  speed.  The  stresses  should  in  no  part  in  the  wheel 
at  its  runaway  speed  be  permitted  to  exceed  10kg.  per  sq.  mm. 
or  about  14,000  lb.  per  sq.  in.  which  values  at  normal  speed 
would  correspond  to  about  9000  lb.  These  values  are,  as  seen, 
very  low  and  conservative,  and  it  is  not  necessary  to  use  any 
especially  expensive  material  in  the  wheel,  but  only  ordinary 
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groun'ie'!,  since  there  were  many  ca>es  of  grounds  which  would  clear 
then:«^lves  without  disturbing  service  and  some  cases  of  dead  grounds 
m-hich  permitted  the  continuance  of  operation  until  repair  could  be  made. 
I>iring  the  winter  of  1912  and  1913  a  number  of  systems  were  paralleled 
and  s:nce  that  time  many  extensions  have  been  m.ade.  With  the  enlarged 
system  we  are  finding  that  practically  all  cases  of  grounds  develop  into 
seriou?  trouble  and  it  is  often  difficult  to  localize  the  disturbance. 

From  the  Chicago  and  Interurban  Traction  Company, 
Mr.  Robert  J.  Bell.  E.  E. 
We  have  a  33,000-volt  three-phase  2,5-cycle  transmission  line,  extend- 
ing from  the  Public  Service  Co.  power  plant  at  Blue  Island,  to  Bradley 
111.,  a  distance  of  about  45  miles  (13.7  km.)     This 
line   consists    of  three  No.  4   hard   drawn  copper 
wires  placed  on  3o-ft.  •  10.6-m.)  cedar  poles  spaced 
110  ft.  (33.5  m.)  apart. 

We  have  three  >ub>tatinns  on  this  line  with 
one  oOO-kw.  synchronous  converter  in  each  of 
these  stations.  The  Bradley  substation  has.  in 
addition  to  the  converter,  a  5(X)-kw.  frequency 
changer,  25  cycles  to  ^)  cycles. 

Our  transformers  are  Y-connected  on  the  pri- 
mary in  all  the  substations.  At  the  power  plant 
they  are  Y-connected  on  the  secondary  side. 

We  have  a  tcleph'tne  line  on  the  same  poles,  but 
do  not  experience  any  serious  trouble.  There  is 
some  noise  but  not  enough  to  interfere  with 
service.  This  line  is  transpose'.!  at  ever\'  fifth  pole. 
The  neutral  connection  at  the  transformers  is 
g^rounded,  and  we  have  not  experienced  any 
trouble  therefrom.  We  have  experienced  one  great 
advantage  by  grounding  the  neutral,  that  is,  in 
case  ^f  line  trf.aible.  where  one  of  the  phase 
wire:,  become^  grounded,  we  are  able  to  test  out 
and  find  what  phase  it  is.  then  have  the  discon- 
nf^cting  switche-  pulled  out  on  this  phase  at  each 
end.  We  are  then  able  to  operate  on  the  remain- 
ing two  wires  by  the  use  of  the  grounded  neutral. 

This  system  has  save<i  us  a  great  number  of 
h^iiirs  of  >hut-downs  and  we  have  had  no  trouble 
i;au>e<l  by  rhi<  ^_\'stem  f)f  operation. 

A>  to  the  a-ivisability  (^f  grounding  the  neutral, 
while  it  may  not  work  successfully  on  all  systems, 
I  think  it  worth  while  to  tr\'  it  out,  especially  if 
the  transformers  are  not  loaded  too  heavy. 

We  operate  grounded  at  the  sub-stations  and  at 
the  power  ])lant. 

We  lost  some  insulat'»r>  during  electrical  storms  (which  having  the 
neutral  grounded  may  enourage).  All  our  trouble  has  been  from  direct 
lightning  strokes. 


-<. 
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lower  first  cost  and  especially  greater  reliability  as  far  as  the 
rheostats  and  controllers  are  concerned,  in  that  the  currents 
which  have  to  be  handled  are  only  from  one  to  two  per  cent  of 
what  would  be  the  case  if  the  "direct"  excitation  were  used. 
For  rolling  mill  service  it  is  evident  that  the  control  equipments 
have  to  withstand  very  severe  service  both  electrically  as  well 
as  mechanically  on  accoimt  of  the  rapid  breaking  of  compara- 
tively large  magnetic  energies  and  also  due  to  the  fact  that  they 
are  in  almost  continuous  service.  The  advantages  of  smaller 
equipments  which  are  obtained  by  the  smaller  apparatus  used 
with  indirect  excitation  are,  therefore,  obvious.  The  excitation 
will  be  just  as  rapid  as  by  the  direct  method,  on  account  of  the 
fact  that  the  magnetic  energy  stored  in  the  small  exciter  fields  is 
negligible  compared  to  the  large  machines. 

The  compounding  is  usually  made  in  the  way  that  the  main 
poles  of  the  generators  have  an  opposing  series  winding  which 
therefore  does  not  have  to  be  reversed.  Against  this  practise  it 
may  be  argued  that  an  assisting  compound  winding  on  the  motor 
would  be  better,  inasmuch  as  the  torque  will  be  increased  by 
strengthening  the  field.  This,  however,  is  more  or  less  an  im- 
aginary advantage,  as  for  machines  of  this  kind  the  saturation 
CMTve  at  normal  speed  is  so  flat  that  a  large  increase  in  the  field 
current  creates  a  very  small  or  almost  no  strengthening  of  the 
field. 

Concerning  the  safety  devices  and  the  arrangement  of  the 
automatic  load  regulation, 'etc.,  the  European  practise  involves 
several  quite  interesting  departures  from  the  practise  in  the 
United  States,  but  space  does  not  permit  of  further  discussion 
of  this  subject. 

Brent  WUey:  It  would  be  well  to  consider  the  blooming  mill 
equipment  from  the  standpoint  of  the  entire  mill  drive,  as  practi- 
cally every  steel  plant  is  composed  of  finishing  or  semi-finishing 
mills,  as  well  as  blooming  mills. 

During  the  last  eleven  years  more  than  three  hundred  large 
motor  units,  totalling  over  500,000  h.p.,  have  been  installed  to 
drive  the  main  rolls  of  steel  mills. 

The  following  list  gives  the  electrically  driven  reversing  bloom- 
ing mills  installed,  and  on  order  in  the  United  States  and  Canada. 
The  majority  of  the  equipments  have  been  purchased  during 
the  last  few  years. 

Installed 
—       Blooming  Mill  —Algoma  Steel  Co.  SaultSte.  Marie,  Can.     1911 
34  in.         •  «     —Steel  Co.  of  Canada,  Hamilton,  Ont.  1913 

34  in,         «  «    —Central  Steel  Co.,  Massillon,  Ohio,  1914 

35  in.         "  *    —Bethlehem  Steel  Co.  Bethlehem,  Pa.,  1916 

35  in,  "  «  —United  Steel  Co.,  Canton,  Ohio,  On  order. 
40  in.  «  «  —Inland  Steel  Co.,  Indiana  Harbor,             *        * 
32  in.  "  «  —Inland  Steel  Co.,  Indiana  Harbor,             "        * 
40  in.  «  «  — Illinios  Steel  Co.,  Gary,  Ind. 

40  in.  **  «  —National  Tube  Co.,  Lorain,  Ohio  "  * 

34  in.  •  •  — Chattanooga  Steel  Co.,  Chattanooga  *  * 

36  in.  «  «  —Mark  Mfg.  Co.,  Indiana  Harbor,  "  * 
34  in.  «  «  —Ashland  I.  &  M.  Co.,  Ashland.  Ky.  *  * 
34  in.  •  •  —Keystone  Steel  &  Wire,  Peoria.  111.  •  * 
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REVERSING  MOTOR  EQUIPMENTS— FOR  OTHER  TYPES  OF 

MILLS. 

Installed 
30  in.  Universal  Plate  Mill  111.  Steel  Co.,  S  Chicago,  1908 

Plate  Mill  —Am.  Sheet  &  T.P.  Co..  Gary,  Ind.  1910 

«  —        ditto  1910 

28  in.  Structural  Mill — Inland  Steel  Co.,  Indiana  Harbor,  On  Order 

27  in.  Universal  Plate  Mill  Mark   Mfg.  Co.,  Indiana  Harbor 

The  principal  object  of  the  eariier  installations  was  to  utilize 
cheap  power  and  the  incidental  advantages  possible  were  not 
taken  into  account.  Experience  has  demon-strated  th^t  motor 
drive  has  many  favorable  features  which  are  of  economic  value 
in  not  only  the  every  day  operation  of  the  mill,  but  assist  most 
materially  in  the  development  of  the  method  of  operation. 

Motor  drive  gives  the  greatest  latitude  regarding  the  arrange- 
ment and  design  of  mill  and  of  the  entire  plant.  Motors  can  be 
designed  with  either  high,  intermediate  or  low  speed,  and  with  a 
wide  variation  in  maximum  or  pull-out  torque.  Adjustable 
speed  motors  give  a  wide  range  of  operating  speeds,  with  very 
economical  operation  of  mill,  either  for  constant  torque  or  con- 
stant horse-power  requirements.  The  regulation  of  the  alterna- 
ting-current motor  is  very  close,  even  under  a  wide  range  of  load, 
varying  only  about  two  and  one-half  per  cent  from'  light  to  full 
load.  It  is  capable  of  standing  heavy  overloads  frequently  for 
comparatively  long  periods,  without  undue  strain  or  deteriora- 
tion. The  ease  with  which  power  readings  can  be  made  instan- 
taneously and  for  any  desired  perioH  is  of  great  value  in  com- 
piling records  to  ascertain  the  effect  and  value  of  any  change 
that  is  inaugurated  in  the  development  of  the  mill  design. 

The  general  experience  in  the  operation  of  a  new  mill  is  that 
the  results  obtained,  after  a  few  years,  are  radically  different 
from  the  ideas  of  the  possibilities  and  expectations  of  what 
could  be  accomplished  when  the  design  was  first  conceived.  In 
the  majority  of  cases  it  is  necessary  to  make  a  number  of  assump- 
tions regarding  the  possibilities  of  each  partiailar  portion  of  the 
mill,  including  capacity  of  heating  furnaces  required,  permis- 
sible reductions  per  pass,  speed  of  rolling,  size  and  shape  of  pro- 
duct most  desirable  from  the  standpoint  of  trade  demands.  The 
mill  is  developed  as  more  information  is  obtained  regarding  these 
factors,  and  the  incidental  advantages  of  motor  drive  have 
played  an  important  part  in  accomplishing  the  most  satisfactory 
results  in  reversing  blooming  mills,  as  well  as  other  types  of  rol- 
ling mills,  as  the  general  advantages  are  the  same  for  all  types  of 
motor  equipment. 

First  Cost 

It  is  assumed  that  the  plant  is  designed  with  motor  drive  for 
the  blooming  mill,  finishing  mills,  and  for  the  auxiliaries. 

The  average  load  on  the  electric  power  station  to  drive  a  re- 
versing blooming  mill  with  maximum  peaks  of  15,000  to  20,000 
h.p.  is  approximately  3000  to  3500  h.p.,  with  variations  of 
not  more  than  15  per  cent  during  the  active  rolling  period  of  the 
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mill.  The  station  capacity  will  be  divided  approximately  80 
per  cent  for  motors  of  atixiliary  machines  and  finishing  mills 
and  20  per  cen  tfor  the  reversing  naiU  equipment.  In  other  words, 
it  will  require  a  comparatively  small  increase  of  power  plant  to 
provide  for  the  blooming  mill  work  which  is  quite  a  contrast 
with  the  requirements  in  an  addition  to  a  boiler  plant  for  a  steam 
engine-operated  blooming  mill. 

Furthermore,  the  addition  of  a  very  uniform  load  assists  in 
equalizing  the  total  plant  load,  and  thereby  increases  the  effi- 
ciency of  operation. 

The  use  of  central  station  power  is  also  a  very  material  factor 
in  reducing  the  first  cost,  and  many  steel  plants  are  taking  ad- 
vantage of  this  point  as  well  as  of  other  favorable  factors  which 
purchased  power  affords.  At  present,  there  are  more  than  fifty 
steel  plants. obtaining  part  or  all  of  their  electric  power  from 
central  stations,  and  are  using  a  total  of  approximatley  425,000,- 
OOOkw-hr.  per  year,  which  is  approximately  18  per  cent  of  the 
total  electric  power  required  per  year  by  the  iron  and  steel  in- 
dustry. 

Economy  op  Operation 

There  is  more  economy  of  operation  to  be  gained  by  the  elec- 
trification of  the  reversing  blooming  mill  than  of  any  other  type 
of  mill.  In  the  case  of  the  averaging  existing  steam  engine- 
driven  mill,  the  steam  consumption  can  be  reduced  fully  fifty 
per  cent  by  use  of  motor  drive.  This  comparison  is  made  on  the 
basis  of  using  electric  power  as  furnished  by  steam  turbines  at 
approximately  5000-kw.  capacity.  Undoubtedly  there  are  many 
cases  where  the  gain  would  be  even  greater  than  this,  but  on 
account  of  the  limited  test  data' available  regSl-ding  the  steam 
requirements  and  general  analysis  of  plant  conditions,  it  has 
been  difficult  to  establish  these  facts  definitely. 

H.  S.  Page:  Analysis  of  the  sequence  of  operations  dtuing 
rolling  might  serve  to  bring  about  closer  unanimity  of  opinion 
in  regard  to  the  permissible  time  of  reversal.  The  actual  re- 
versal occurs  during  the  time  the  metal  is  out  of  the  rolls  between 
passes:  is  from  a  comparatively  low  speed  in  one  direction  to 
about  the  same,  or  lower  speed  in  the  opposite  direction,  and  can 
easily  be  accomplished  while  the  metal  is  being  returned  to  the 
rolls.  After  the  metal  enters  the  rolls  it  is  of  the  utmost  import- 
ance to  have  a  driving  motor  capable  of  accelerating  the  mill  to 
the  maximum  speed  of  the  pass  just  as  quickly  as  possible.  The 
retarding  action  of  any  device  installed  for  the  protection  of  the 
motor  should  be  carefully  considered;  as  the  function  of  most  of 
these  auxiliary  devices  is  to  prevent  rapid  acceleration  and  thus 
limit  the  output  of  the  mill. 

A  few  comments  might  be  added  on  the  subject  of  general 
design  of  reversing  mill  apparatus  which  is  treated  at  some 
length  in  the  paper.  Generally  speaking  it  is  permissible  to 
sacrifice  efficiency  to  a  slight  degree  in  order  to  gain  more  rapid 
acceleration  and  for  this  reason  it  seems  advisable  to  work  all 
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Discission    ox    **  Report    of    Traxsmissiox    Committee," 
Clevelaxd.  Ohio,  Jlxe  27.  1916. 

N.  A.  Carle:  I  think  that  in  general  it  is  recognized  that  higher 
ten:peratures  occur  in  transformers,  motors  and  generators 
at  altitudes  above  600  feet  than  for  the  same  L^ads  at  sea  level. 
At  the  present  time.  I  understand,  the  Standards  Committee  of 
the  Institute  is  tryine  to  determ.ine  a  suitable  corrective  factor 
or  formula  to  meet  this  condition. 

M.  O.  Troy:  Mr.  Carle  has  correctly  summ.arized  the  m.atter 
when  he  >ays  that  correction  for  altitude  is  one  of  sm.all  magni- 
tude. 

Operating  men.  who  in  the  past  have  b:u^'ht  electrical  appa- 
ratus with  reasonable  m.arcins  of  safety,  in  all  probability  have 
not  noticed  any  enect  of  altitude,  and  fr.r  that  reason  so  state 
in  their  reports.  If.  however,  they  had  measured  their  loads 
and  capacities  carefully  and  ccm:  ared  the  heating:  values  so 
obtained  with  those  obtained  by  the  manufacturers — in  all 
prcbabiiity  at  iowor  altitude — they  wruld  have  found  a  dif- 
ference. 

In  the  standar illation  work  oi  the  Institute,  we  have  tried 
trstablish  safe  bvt  dennite  ten:perature  lim.its  of  operation. 

I  think  there  is  no  doubt  that  n:Aiern  a:  -.^aratus  workins:  at 
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th-:se  lim.its  if  the  a:  ;  aratus  is  o:  crated  at  the  h:>:h  altitudes 
under  d:s:us?:on:  and  if  the  sea-'.evel  tem::eratures  represented 
a  maximum  for  the  -afe  operation  of  certain  classes  of  insulation, 
the  tem.Lcratures  at  the  hi^jh  altitudes  would  go  beyond  safe 
a  1 1  'y  v.a  b  1  e  1:  m. :  t  s . 

Correction  factors,  therefore,  should  be  reco^^nized  and  defi- 
nitely established  by  the  Staniards  Commiittee  as  soon  as 
reliable  data  are  available. 

Peter  Junkersfeld:  Our  experience  in  Chicago  with  the 
grounded  neutral  covers  the  : -ast  nfteen  years.  The  first  exper- 
ience was  the  initial  installation  of  the  four-\\-ire  three-phase 
system,  of  prln.ary  distribution  operating  at  2300  '4000  volts. 
60  cycles.  This  system,  was  extended  so  rapidly  that  in  a  few 
years  it  absorbed  all  -f  the  older  single-phase  generating  stations. 
and  has  since  been  the  standard  arrangenient  in  the  Chicago 
territory. 

Within  a  year  after  our  initial  experience  on  the  60-cycle 
systemi  the  voltage  on  the  25-cycle  system  was  raised  to  9000 
volts  and  the  neutral  grounded,  whicl'i  has  since  then  been  stand- 
ard practi-e  on  that  system. 

Both  of  these  system.s  have  grown  so  rapidly  that  the  exper- 
ience in  Chica^'o  with  i^rounded  neutrals  has  been  quite  extensive 
during  the  past  r.fteen  years  as  may  be  illustrated  to  some 
extent  by  the  m.iieage  of  cable  or  conductor  operated  with 
grounded  neutral,  which  at  this  date  is  as  follows: 
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I  once  made  the  remark  that  there  were  limitations  in  the  de- 
sign of  electrical  machinery,  and  was  told  by  a  well  known  opera- 
ting engineer  that  such  limitations  did  not  exist,  and  that  as  soon 
as  the  operating  engineer  demanded  anything,  the  designing 
engineer  found  a  way  to  overcome  his  limits  and  supplied  the 
demand. 

Mr.  Hall  in  his  paper  has  drawn  attention  to  the  fact  that  for 
each  speed  there  is  an  output  rating  that  cannot  be  exceeded 
unless  the  engineer  is  looking  for  trouble.  This  may  be  explained 
as  follows :  Taking  a  machine  of  given  diameter,  there  is  a  safe 
maximum  speed  at  which  this  machine  may  be  run,  and  the  out- 
put is  then  limited  only  by  the  length  of  the  armature  core.  As 
this  length  is  increased,  the  voltage  generated  in  each  turn  of  the 
armature  also  increases  until,  when  a  value  of  about  6  volts 
between  adjacent  segments  is  reached,  interpoles  become  neces- 
sary. With  inter-poles  supplied,  the  machine  may  be  further 
lengthened  tmtil,  when  a  value  of  about  fifteen  volts  is  reached 
between  segments,  the  machine  becomes  sensitive  to  changes  in 
load  and  is  liable  to  flash  over.  Compensating  windings  must 
then  be  supplied,  if  the  output  is  to  be  further  increased. 

Evidently,  then,  the  500-rev.  per  min.  European  machine  is 
run  either  with  a  greater  peripheral  velocity,  or  with  a  greater 
value  of  voltage  between  segments  than  in  the  case  of  the  375- 
rev.  per  min.  American  machine.  From  the  fact  that  they  are 
designed  closer  to  the  limit,  much  more  care  is  necessary  in  the 
construction  of  the  apparatus,  so  that  the  machine  is  not  neces- 
sarily cheaper.  • 

In  regard  to  the  rating  of  the  motors,  it  must  be  clearly  under- 
stood that  while  the  motors  in  question  have  a  rating  of  10,000 
h.p.,  at  100  rev.  per  min.,  they  would  become  hot  with  a  con- 
tinuous output  of  about  4000  h.p.  On  the  other  hand,  if  the 
machines  were  large  enough  to  dissipate  the  loss  corresponding 
to  a  10,000-h.p.  load,  they  would  have  become  so  long  as  to 
operate  badly  with  regard  to  commutation. 

It  is,  therefore,  rather  hard  to  decide  how  they  should  be  rated, 
because  they  are  designed  as  10,000-h.p.  machines  so  far  as  com- 
mutation is  concerned,  and  as  4000-h.p.  machines  so  far  as 
heating  is  concerned.  Since  the  former  is  the  more  important 
limitation  of  the  two,  it  seems  reasonable  to  give  them  a  rating 
of  10,000  h.p.  maximum. 

With  regard  further  to  the  rapidity  of  reversal  of  the  generator 
voltage,  it  is  of  interest  to  note  that,  since  the  machines  have 
compensating  windings,  the  air-gaps  can  be  small,  and  the  shunt 
excitation  be  almost  negligible.  It  is,  therefore,  quite  within 
reason  to  put  a  non-inductive  resistance  in  series  with  the  field- 
coil  circuit  so  as  to  reduce  the  time  constant  of  this  circuit  and 
thereby  allow  the  field  to  build  up  rapidly;  and  this  would  not 
reduce  the  efficiency  of  the  machine  to  any  appreciable  extent, 
and,  moreover,  would  allow  the  rate  at  which  the  machine  builds 
up  to  be  adjusted.  It  would  seem  from  the  discussion,  however, 
that  the  machine  reverses  as  rapidly  as  the  mill  engineer  desires. 
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^thep  !:r.es  and  apparatiis  in  case  of  a  ground  on  any  part  of  the 

3.  It  helps  in  locating  breakdowns  of  lines  and  of  apparatus. 

4.  It  prevents  arcing  grounds  and  therefore  voltage  dis- 
turbances. 

It  must  be  noted  that  the  last  statement  refers  to  specific 
conditions.  Under  sontfe  conditions  diilering  from  these  it 
may  not  always  be  advisable  to  ground  the  neutral.  I  with 
v:veral  other  engineers  made  a  rather  extensive  inquir\'  a  few 
years  ago  as  to  the  advisability  of  groimding  the  neutral  on 
33,000-volt  overhead  lines  connecting  cities  and  towns  in  Illinios. 
In  this  case  it  was  decided  to  install  a  delta  connected  s>^tem 
without  grounded  neutrals,  except  in  such  few  special  cases  as 
might  later  prove  to  be  advisable.  The  reasons  for  that  decision 
were  as  follows : 

1.  The  general  secondary-  distribution  system  was  four- 
wire  2300/4000  volts.  As  this  necessitated  a  star  connected 
secondary  on  the  step-down  transformer,  acknowledged  good 
practise  determined  a  delta  connected  primary-  on  these  trans- 
formers. 

2.  On  account  of  consolidations,  it  was  necessar>-  to  operate 
in  parallel  a  number  of  different  properties,  and  because  of 
phase  relations  it  was  found  most  advantageous  to  have  the 
step-up  transformers  at  the  generating  stations  star  connected 
on  the  primar}'  and  delta  connected  on  the  secondary. 

3.  The  argument,  that  with  an  ungrounded  neutral  the  system 
could  be  operated  in  emergencies  with  one  phase  wire  grounded, 
had  considerable  weight. 

The  33.000-volt  lines  have  been  built  so  rapidly  during  the  four 
years  since  the  decision  referred  to  was  made  that  they  now 
a;^'gregate  1000  miles  (1600  km.)  in  Illinois  alone.  These  lines 
are  not  all  owned  or  operated  by  the  same  companies,  but  in 
this  matter  and  in  many  other  matters  follow  the  same  principal 
engineering  standards. 

I  will  rej)eat,  that  on  the  overhead  system  the  experience  is 
still  too  limited  to  draw  absolutely  final  conclusions,  but  as  far 
as  the  underground  system  is  concerned,  covering  a  period  of 
fifteen  years  and  the  large  mileage  mentioned,  we  feel  under 
those  conditions  that  grounding  of  the  neutral  has  proved 
a  wise  course. 

E.  E.  F.  Creighton:  There  are  some  cases  where  the  neutral 
can  be  judiciously  grounded,  and  there  are  other  cases  where  it 
is  better  not  to  ground  it,  if  the  proper  precautions  are  taken. 
The  greatest  objection  to  a  non-grounded  neutral  at  the  present 
time  is  the  arcing  ground,  and  the  result  it  gives  on  the  system. 

David  B.  Rushmore:     In  connection  with  the  installation  of 

the  various  transniis.sion  s\slenis  in  this  country,  there  has  been 

a  cr)ntinual  discus.^ion  regarding  the  relative  merits  of  grounded 

Y      and     ungrounded     delta     transformer     connections.      As 

electrical  apparatus,  and  especially  lightning  arresters,  have  de- 
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design  of  European  compared  with  American  reversing  mills. 
The  question  of  using  one  instead  of  two  motors  for  the  large 
equipments  has  received  a  great  deal  of  consideration,  and  it 
was  with  a  full  knowledge  of  the  European  practise  that  the 
equipments  now  being  bmlt  were  designed  with  double  motors. 
The  question  of  safety  to  attendants  is  one  on  which  a  great  deal 
of  stress  has  been  placed  by  mill  operators,  and  there  was  a 
very  great  objection  to  the  use  of  voltage  higher  than  600  across 
an  individual  machine.  In  the  United  States  we  must  also 
face  less  skillful  attendants,  and  the  use  of  a  600-volt  machine 
with  1200-volt  insulation,  such  as  the  Bethlehem  machine 
is,  gives  us  a  greater  factor  of  safety  than  would  be  possible  if 
we  used  single  motors  with,  say,  1500  volts  on  the  windings. 
The  design  features  brought  out,  having  been  found  desirable 
in  Europe,  are  all  incorporated  in  the  machines  which  have  been 
built. 

The  question  of  generator  speed  is  one  that  has  been  given 
a  good  deal  of  thought,  and  it  might  be  of  interest  to  mention 
that  the  600-revolution  generators  running  at  the  Steel  Company 
of  Canada's  plant  repeatedly  carry  loads  of  5000  kw.  each,  and 
it  is  quite  possible  to  build  generators  for  500  revolutions  to 
supply  power  to  the  motors  at  Bethlehem.  On  the  other  hand, 
using  a  speed  of  375  r.  p.  m.,  there  is  greater  leeway,  and  a  greater 
margin  could  be  obtained  to  cover  the  uncertainty  of  operation 
which  was  a  factor  on  the  Bethlehem  installation.  This  mill 
was  installed  for  rolling  a  very  wide  range  of  products,  and  dif- 
ferent classes  of  steels,  and  it  was  practicably  impossible  to 
predict  before  hand  just  how  much  power  would  be  required. 
For  this  reason  a  conservative  design  was  adopted,  the  wisdom 
of  which  has  been  shown  by  the  operating  conditions  of  the  mill, 
since  installed. 

Regarding  the  question  of  flywheels,  we  have  fotmd  it  de- 
sirable to  iLnit  the  operating  peripheral  speed  to  approximately 
300  ft.  per  sec,  although  the  stresses  at  this  speed  are  very  low. 
This  is  due  to  the  uncertainties  as  to  the  quality  of  metal  obtained 
in  castings.  The  conditions  in  the  United  States  are  very 
different  from  those  in  Europe  where  cast  steel  wheels,  for  higher 
speeds,  can  be  readily  obtained. 

Regarding  the  question  raised  by  Mr.  Lindemann,  provision 
is  made  in  the  controller  for  the  generator  fields  to  prevent 
the  motors  being  started  in  the  way  he  mentions. 


Prtuniid  ai  the  23d  Annual  Convention  of 
the  Awurican  Institute  of  Electrical  Eniineers, 
CUteland,  O.,  June  27.  1916. 

Copyright  1916.     By  A.  I.  B.  B. 


MOTOR  EQUIPMENTS  FOR  THE  RECOVERY  OF 
PETROLEUM 


BY  W.  G.  TAYLOR 


Abstract  of  Paper 

The  work  of  drilling,  pumping  and  cleaning  oil  wells  is  very 
successfully  handled  by  slip-ring  induction  motors.  With  the 
cable-tool  method  of  drilling  a  special  arrangement  of  con- 
trollers and  resistance  is  used  to  obtain  the  required  fine  speed 
control.  Similar  motors  are  used  for  both  this  and  the  hydrau- 
lic rotary  method. 

Pumping  and  cleaning,  which  includes  'pulling'  the  rods  and 
tubing,  are  in  most  cases  all  performed  by  the  same  motor  which 
may  be  a  '  Y- Delta  '  or  a  two-speed  machine,  depending  upon 
operating  conditions.  Both  of  these  motors  are  double-rated, 
the  low  rating  being  used  for  pumping  and  the  other  for  pulling 
and  cleaning.  High  efficiency  is  essential  on  the  pumping  duty 
and  high  torque  for  the  heavy  work  of  pulling  and  cleaning 
the  well.  For  both  types  of  motors  special  control  features  are 
used  to  properly  protect  the  equipment  as  well  as  to  make  it 
most  convenient  for  the  operator.  For  wells  pumped  by  jack- 
rigs,  a  portable  hoist  is  employed  to  pull  rods  and  tubing. 

This  paper  presents  data  covering  the  horse  power  require- 
ments and  kilowatt-hour  consumption  for  the  vanous  operations 
in  drilling  and  maintaining  proaucing  oil  wells. 


THE  GRADUAL  decline  in  production  which  is  characteris- 
tic of  all  oil  fields  as  well  as  the  great  losses  sustained  with 
the  usual  methods  of  steam  operation  are  the  factors  which 
generally  furnish  an  incentive  to  the  producing  company  to 
electrify  its  wells.  The  economy  thus  gained  often  gives  the 
wells  a  longer  lease  of  life,  as  it  enables  them  to  be  pumped  at  a 
profit  at  a  lower  daily  production  than  would  otherwise  be  pos- 
sible. In  most  cases  economy  is  only  one  of  the  several  advan- 
tages of  motor  drive  which  are  taken  into  consideration,  these 
including  greater  reliability,  simpler  and  more  accurate  speed 
control,  steadier  speed,  greater  safety  and  lower  insurance  rates 
than  with  other  types  of  motive  power.  These  advantages  on 
any  motor  application  are  too  well  known  to  warrant  more  than 
incidental   mention. 

The  choice  between  alternating  and  direct  current  is  generally 
determined  by  the  available  power  supply  and  for  this  reason 
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.>,^.  amount  of  apparatus  connected  to  the  system  is  of 

^'. .,.-  '-^rs^rtanoo  than  tlie  number  of  miles  of  circuit.  If  the 
^...,.^-,5-  ;<  croiini'Joii  the  voltage  strain  will  be  reduced  so  that 
.%  /^<-irK«i'^vN^  ^'H  "ot  cause  such  widespread  damage  and 
*   ^.  J    --^ii'Ni  xx:ii  Ih^  promptly  disconnected  by  the  automatic 

I :  \-(\<:,V-o:'s 

1^  F  SohiKh*rdt:  I  suggest  that  Mr.  Hunt  tell  us  in  connec- 
.,>,  Tx'>^  tV  ^^^'"^^^  '^^  cited,  something  as  to  the  nature  of  the 
,. .;  'W  >^vv<  tVll  on,  whether  it  was  in  wet  grass,  or  sandy 
^.  >.,   ,v  >*  '^A'i  the  character  of  the  soil  was. 

Vtyvi  V.  Hunt:  It  was  in  the  Connecticut  valley,  in  western 
\.-v«.-'-iivy-tts.  in  sandy  soil.  The  grass  and  brush  in  the 
^.. ,:.  .X  xw^v  set  on  fire  and  we  were  notified  of  the  trouble  by 
»  ♦>  -N^^  N>ho  said  his  field  was  on  fire.  The  wire  fence  around 
.  k/  ',  \^  >oo!nod  to  be  charged  and  showed  signs  of  heavy  static 
.':*>*►  *^vx'S. 

^^  t\  Street:  We  have  operated  13,000-volt  lines  with  one 
x^-v  sM^  the  ground,  supplying  power  to  our  substations  until 
^^v  wxMr  al)le  to  switch  over  to  another  line.  It  has  been  my 
,.\,vuMti(>n  when  we  have  had  lines  on  the  ground — we  have 
^4sl  two  wires  down  within  one  foot  or  eighteen  inches  of  the 
>»UuM  on  sandy  soil — that  the  breakers  would  stay  in.  With 
\.U\^  ungrounded  system  we  can  have  wires  down  without  causing 
Aiw  interruption  to  our  system  as  a  whole. 

IlArold  Goodwin,  Jr.:  As  to  whether  the  New  Jersey  system 
i^  A  ^jrounded  neutral  system  or  not,  it  seems  that  the  committee 
u»i^:ht  do  the  members  of  the  Institute  a  service  by  defining  for 
tuture  discussion  whether  we  shall  consider  such  a  system  as 
^: rounded  or  not. 

W.  A.  Carter:  We  had  a  case  where  one  wire  came  down 
on  a  100,000-volt  transmission  line.  We  buy  our  power  from 
the  Colorado  Power  Company.  The  power  station  was  about 
thirty-five  miles  away.  With  one  wire  carrying  current  through 
tlie  ground  at  the  broken  s])an  wc  were  able  to  get  several  thou- 
sand kilowatts,  which  added  to  the  load  carried  by  our  steam 
plant  was  sufficient  to  carry  our  evening  peak  load. 

Bernard  Price:  The  scheme  with  which  I  am  connected  is 
controlled  by  two  power  companies,  viz.,  The  Victoria  Falls 
&  Transvaal  Power  Co.  Ltd.,  and  the  Rand  Mines  Power  Supply 
Co.,  Ltd.,  the  latter  being  a  subsidiary  of  the  former.  For  present 
purposes  the  transmission  and  distribution  systems  of  the  two 
concerns  may  be  treated  as  one  because  they  are  inter-con- 
nected and  are  operated  as  one  system.  The  district  is  at  an 
altitude  of  nearly  6,000  feet  above  sea  level  and  is  prone  to  severe 
lightning  storms  during  at  least  six  months  out  of  the  twelve 
and  the  major  portion  of  the  system  is  overhead. 

For  a  system  of  our  type,  it  is  unquestionably  wise  to  earth 
the  neutral.  Instances  have  arisen  where  a  certain  portion  of 
the  system  has  become  insulated  from  earth  during  a  lightning 
storm  and  the  result  has  always  been  a  very  large  increase  in  the 
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number  of  faults.  Whilst  I  realize  that  each  scheme  should  be 
dealt  with  on  its  merits,  I  find  it  most  difficult  to  conceive  any 
overhead  network  in  a  lightning  district  which  would  not  benefit 
by  an  earthed  neutral. 

Our  experience  of  running  the  system  with  the  neutral  grounded 
has  been  most  satisfactory  and  has  shown  conclusively  the  ad- 
vantages to  be  derived  from  such  grounding  on  a  system  of  the 
type  in  question.  In  the  early  stages  of  development  of  the 
scheme,  the  system  was  run  with  an  insulated  neutral  and  the 
change  to  a  grounded  neutral  removed  many  of  the  difficulties 
which  we  had  encountered.  Since  the  neutral  was  grounded 
instances  have  occurred  where  a  portion  of  the  system  has  become 
insulated  at  the  neutral  during  a  lightning  storm  and  on  such 
occasions  a  largely  increased  number  of  flash -overs  has  occurred. 

Before  the  system  was  earthed,  any  line  fault  produced  heavy 
surging  with  consequent  flash-over  from  live  conductors  to 
iron  work  at  various  i)oints  in  the  switchgear  and  arrester  gear. 
Since  the  neutral  has  been  earthed,  these  troubles  have  vir- 
tually disappeared.  When  the  system  was  insulated  a  fault 
from  one  phase  to  earth  did  not  operate  the  automatic  cut-outs 
but  caused  the  arrester  gear  to  discharge  continuously.  This 
continuous  discharging  heated  the  water  resistances  which  are 
connected  in  series  with  the  horn  gaps  of  the  arresters  and  as  a 
consequence  the  discharge  at  the  horn  gaps  became  increasingly 
vicious  until  finally  something  had  to  give  way.  Frequently 
the  arc  at  the  horn  gaps  jumped  to  neighboring  iron  work,  thus 
producing  a  short  circuit  through  the  original  fault.  Great 
trouble  was  also  experienced  due  to  flash-overs  at  points  on 
switch-gear  and  apparatus  caused  by  the  surging  produced  by  an 
arcing  ground  at  the  original  fault. 

By  grounding  the  neutral  the  automatic  cut-outs  were  able 
to  instantaneously  isolate  the  initial  fault.  Lightning  arrester 
gear  was  no  longer  called  upon  to  continuously  discharge  and 
flash-overs  on  switchgear  connections  and  apparatus  became  a 
negligible  quantity. 

It  is  of  course  essential  that  each  separate  section  of  the  system 
shall  be  separately  grounded  and  provision  must  be  made  to 
ensure  that  when  portions  of  the  system  become  automatically 
isolated  from  other  portions,  they  still  remain  grounded. 

The  grounding  of  the  neutral  is  the  only  means  we  adopt  for 
preventing  a  static  rise  of  potential.  In  the  dry  season,  during 
which  winds  are  prevalent,  serious  rises  of  pressure  would  no 
doubt  occur  if  the  neutral  of  the  system  were  insulated  but  we 
have  experienced  no  trouble  in  this  respect  since  the  neutral 
was  groimded. 

As  already  mentioned,  the  benefits  which  have  been  derived 
from  the  grounding  of  the  neutral  have  not  been  solely  due  to 
such  grounding  but  have  really  been  the  result  of  the  combination 
of  a  grounded  neutral  with  the  adoption  of  differential  relays 
controlling  the  cut-outs. 
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With  regard  to  the  points  at  which  grounding  should  be  intro- 
duced, we  have  found  that  generally  main  generating  stations 
serve  the  purpose  quite  satisfactorily,  the  advantages  being  as 
follows : 

1.  The  grounding  being  at  the  source  of  supply  there  is 
a  minimum:  length  of  line  between  the  fault  and  the  source  of 
supply,  thus  decreasing  the  total  impedance  to  earth  and  in  the 
case  of  a  large  network,  this  factor  becomes  important.  In  some 
cases  it  may  be  found  necessary  to  introduce  more  than  one 
ground  so  as  to  compensate  for  the  high  impedance  of  the  lines 
where  these  are  unusually  long.  In  practise  we  have  found  this 
to  be  the  case. 

2.  The  grounding  resistance  being  at  generating  stations, 
is  subject  to  constant  superv^ision  and  thus  is  liable  to  be  kept 
in  a  more  efficient  condition  by  routine  inspection  and  overhaul, 
and  moreover,  can  be  repaired  quickly  in  case  of  breakdown  with 
a  minimum  cost. 

3.  If  the  step-up  transformers  at  the  station  be  designed 
with  delta-star  connections  (the  low  tension  in  delta),  then 
grounding  can  be  easily  accomplished  (without  the  expense  of 
installing  a  special  earthing  transformer),  by  earthing  the  star 
point  of  the  high-tension  side. 

On  the  question  as  to  whether  a  resistance  should  be  inserted 
in  the  neutral  connection,  it  may  be  argued  that  if  the  neutral 
is  grounded  without  a  resistance,  the  pressure  rise  to  earth  on 
the  two  healthy  phases  (assuming  one  phase  is  earthed  through 
insulator  breakdown  or  other  cause)  is  reduced  to  a  minimum. 
Groimding  solidly,  however,  results  on  a  fault  from  one  phase 
to  earth,  in  the  production  of  a  dead  short  circuit  with  con- 
sequent danger  to  switchgcar  and  other  apparatus.  The  prin- 
cii)lc  wc  have  adopted  is  to  insert  resistance  of  a  value  as  low  as 
safely  ])ossible,  having  in  view  the  condition  that  the  current 
flowing  to  any  fault  must  be  ample  for  operating  the  automatic 
cut-outs.  In  this  connection  it  may  be  found  necessary  to  lower 
the  value  in  order  to  compensate  for  the  high  impedance  of  long 
lines  as  previously  explained  or,  what  amounts  to  the  same 
thing,  to  instal  another  grounded  resistance  at  some  other  point 
on  the  j)articular  section  of  the  system.  For  example,  the  ground 
resistance  of  the  Brakpan  20.000-volt  overhead  network  is  14 
ohms  and  quite  satisfactory  results  have  been  obtained  in  practise, 
but  in  the  case  of  the  Bantjes  20,000-volt  overhead  network  it 
has  been  foimd  necessary  to  have  two  separate  grounding  points 
each  of  14  ohms  and  about  13  miles  apart.  Originally  only  one 
ground  resistance  was  provided  at  Bantjes  distribution  station 
(see  Fig.  1)  and  the  experiment  was  tried  of  reducing  the  resis- 
tance until  ultimately  this  was  brought  down  to  8  ohms.  No 
marked  improvement  was  however  effected  owing  to  the  high 
impedance  of  the  lines  between  Bantjes  and  Luipaardsvlei  and 
finally,  another  grounded  resistance  was  installed  at  West  Rand 
No.  2.    Although  no  trouble  has  since  been  experienced,  we  are 
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awaiting  the  results  of  another  lightning  season  before  forming 
a  definite  opinion. 

In  regard  to  the  construction  of  the  resistance,  our  experience 
is  confined  to  two  types,  viz.,  metallic  grid  resistances  and  water 
resistances  and  has  shown  that  water  resistances  are  undoubtedly 
preferable  to  the  metallic  type.  The  latter  are  liable  to  burn  out 
in  the  case  of  a  vsustained  fault  on  the  system,  e.  g.  high  resistance 
fault  to  earth.     This  results  in  great  inconvenience  especially 
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if  it  occurs  at  the  commencement  of  a  lightning  storm,  as  the 
benefit  of  the  grounded  neutral  is  thereby  eliminated  for  the 
remainder  of  the  storm.  We  have  experienced  no  trouble  with 
the  water  resistances  but  care  must  be  taken  to  ensure  a  suffi- 
cient body  of  water  and  also  to  provide  for  a  large  metallic  surface 
on  the  entering  terminal  so  as  to  prevent  undue  heating  and 
possible  boiling  of  the  water.  The  water  resistance  we  use  con- 
sists of  a  large  tank  about  7  ft.  high  and  12  ft.  in  diameter  having 
a  submerged  terminal  of  considerable  area  suspended  from  an 
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;..  iiiainr  <jii  an  erection  over  the  water.     Such  resistances  are 
,.!.i.  <-A  oui-irlc  on  the  ground  without  housing. 

Wit  i\\\i\  that  metallic  grids  require  constant  supervnsion 
•vhf.n-as  the  water  resistances  can  be  left  for  a  period  of  six 
hirifiths  or  more  without  the  value  of  the  resistance  altering  10 
\ti'V  cerjt.  The  resistance  moreover  can  he  varied  at  will  with 
<  (Jiiiparatjvc  ease  and  in  first  cost  is  considerably  less  than  the 
ifM'iallic  type  unless  very  large  resistance  values  are  required. 
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In  reference  to  the  earth  connection,  it  is  our  ])ractise  to  con- 
nect the  earth  side  of  the  resistance  to  the  station  main  earth 
and  this  has  proved  quite  satisfactory,  as  in  al^  cases  the  latter 
tests  out  at  less  than  0.2  ohms. 

No  difficulty  is  experienced  in  obtaining  a  good  earth  at  power 
stations  as  all  our  stations  are  associated  with  a  large  expanse  of 
water  and  large  metallic  plates  sunk  in  the  water  provide  a  good 
earth  at  all  times  of  the  year. 

The  combination  of  an  earthed  neutral  (through  resistance) 
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The  most  successful  drilling  motors  now  used  in  American 
oil  fields  are  of  the  slip-ring  induction  type  with  secondary 
resistance  control  arranged  for  reversing  duty.  A  capacity 
of  50  h.p.  is  usually  sufficient  for  wells  not  exceeding  2500 
ft.  in  depth,  though  cases  have  occurred  where  75  h.p.  was 
necessary  on  wells  from  2000  to  2500  ft.  in  depth,  as  well  as  on 
the  deeper  ones.  The  belted  arrangement  with  a  countershaft 
has  proved  the  best,  as  the  severe  service  has  rapidly  put  out  of 
commission  the  various  types  of  gear  drive  which  have  been 
tried. 

In  the  cable-tool  method  of  drilling,  the  beam  must  overspeed 
and  allow  a  relatively  free  drop  of  the  tools  on  the  down  stroke 
to  obtain  the  most  effective  blow ;  the  motor  to  accomplish 
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Fig.  6 — Connections  for  Motor  Equipment  for  Standard  Cable- 
Tool  Drilling 


this  must  therefore  slow  down  on  the  up  stroke  and  speed  up  on 
the  down  stroke.  This^is  quite  successfully  accomplished  by  so 
proportioning  the  pulleys  that  the  motor  will  have  some  second- 
ary resistance  in  circuit  when  running  at  the  correct  drilling 
speed.  There  is  also  required  a  very  fine  adjustment  of  speed 
to  make  the  movement  of  the  beam  accord  with  the  natural 
period  of  vibration  of  the  drilling  line  due  to  its  elasticity.  Fail- 
ure to  obtain  the  exact  speed  results  in  deadening  the  movement 
of  the  bit  and  may  strain  the  line  and  rig  dangerously.  A 
suitably  designed  liquid  rheostat  would  be  an  ideal  method  of 
control  if  it  received  the  necessary  attention  and  a  good  quality 
of  water,  but  unfortunately  neither  of  these  can  be  given  it 
under  the  usual  conditions  in  the  oil  fields  and  so  drum  controllers 
have  been  adopted,  connected  ^s  shown  in  Fig.  6.     The  main 
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controller  gives  a  coarse  variation  of  speed  and  reverses  the 
motor,  and  the  auxiliary  controller  provides  a  means  of  obtaining 
fine  speed  control  between  the  points  on  the  main  controller 
for  either  direction  of  rotation.  These  controllers  are  each 
operated  by  wire  ropes  extending  to  the  headache-post  in  the 
derrick,  the  arrangement  in  this  respect  being  similar  to  the 
method  of  throttle  control  employed  with  engine-driven  rigs. 
A  complete  installation  is  shown  in  Fig.  7. 

Drilling  by  the  rotary  method  is  accomplished  by  boring  rather 
than  by  churning  the  hole.  The  drilling  bit  is  supported  at  the 
lower  end  of  a  column  of  pipe  which  is  held  and  rotated  by  a 
turntable.  The  latter  is  driven  through  a  series  of  chains  and 
gears.  A  hoisting  drum,  which  is  clutched  in  when  desired,  is 
also  provided  for  handling  the  drilling  stem  and  casing.  The 
drillings  are  washed  out  by  a  stream  of  thin  mud  circulated  by 
the  'slush-pump'  down  through  the  rotating  column  of  pipe 
and  up  outside  of  it,  thus  causing  the  pipe  to  turn  more  easily 
and  preventing  caving  by  plastering  the  sides  of  the  hole  with 
mud.  Only  a  few  wells  have  so  far  been  drilled  by  this  method 
with  motor  drive,  but  excellent  results  were  obtained  with  the 
same  type  of  motor  as  is  used  for  the  cable-tool  method.  A 
fairly  close  speed  adjustment  is  needed  to  operate  the  bit  at 
the  most  effective  cutting  speed,  inasmuch  as  the  latter  varies 
with  the  nature  of  the  strata  encountered. 

Pumping,  Pulling  and  Cleaning 
Pumping  is  accomplished  by  means  of  a  deep-well  pump  of 
the  plunger  type  which  is  lowered  on  the  end  of  a  string  of 
tubing  to  a  sufficient  depth  to  insure  ample  submersion.  The 
plunger  is  operated  by  jointed  iron  or  ♦wooden  rods  extending 
down  within  the  tubing  and  attached  to  the  end  of  the  walking- 
beam  or  to  a  pumping-jack  operated  from  a  central  power-head. 
The  flow  of  oil  through  the  tubing  to  the  surface  is  governed  by 
suitable  check  valves  in  the  barrel  and  plunger  of  the  pump. 
The  rods  and  tubing  must  be  frequently  removed  to  clean  out 
the  well  or  to  replace  broken  or  worn  parts,  and  the  bull-wheel 
is  then  employed  except  where  the  use  of  pimiping-jacks  makes 
a  portable  hoist  necessary.  Rods  are  pulled  with  a  single  line, 
but  a  block  and  tackle  with  two  or  three  lines  is  necessary  for 
the  tubing.  Both  are  removed  in  lengths  approximately  60  ft. 
long  which  usually  consist  of  three  20  ft.  sections  screwed  together. 
Bailing,  light  redrilling,  washing  or  swabbing  may  be  employed 
in  the  process  of  cleaning. 


Fig.  7 — A   50  h. p.    Drilling   Motor   Operating 
Standard  California  Rig 
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Fig.  9— Two-Speed  25/8-h.p.  1200/600-rev.  per  min.  Three-phase, 
60-Cycle,  440-Volt  Oil  Well  Motor  for  Pumping.  Pulling  and 
Cleaning  Wells  of  Moderate  Depth 
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There  is  no  apparent  way  to  calculate  the  power  necessary  to 
pump  a  well  whiph  will  give  figures  uniformly  consistent  with 
actual  tests,  because  of  the  difficulty  of  determining  the  effect  of 
varying  well  conditions.  For  instance,  a  large  amoimt  of  sand 
in  the  oil  will  increase  the  power  necessary  to  pump  it,  while  on 
the  other  hand  gas  may  be  present  which  will  help  lift  the  oil. 
No  numerical  value  can  be  placed  on  these  conditions,  so  the 
motor  capacity  for  this  duty  is  determined  largely  by  comparison 
with  results  obtained  on  other  wells.  Owing  to  the  fact  that  the 
conditions  are  generally  changeable,  it  is  best  to  have  some 
reserve  motor  capacity  for  pimiping.  The  power  input  will 
vary  from  day  to  day  and  even  from  hour  to  hour,  and  may  in- 
crease considerably  in  a  short  time  when  the  well  is  sanding  up. 
Such  variations  are  not  so  common,  however,  where  the  troubles 
from  sand  are  few. 

The  following  summary  of  records  from  over  200  California 
oil  wells  pumped  on  the  beam,  gives  an  idea  of  the  motor  load 
for  pumping  alone: 

Depth  of  wells 900  to  3100  ft.,  average  1430  ft. 

Length  of  stroke 29  to  32  inches. 

Strokes  per  min 20  to  30,  average  24. 

Diameter  of  tubing 3  inches. 

Power  required 1  to  5  h.p.,  ave.  3.5  to  4  h.p. 

Exceptional  wells  in  California  have  required  as  high  as  16  to 
17  h.p.  at  times.  In  Louisiana  some  heavy  pumping  wells  have 
been  encountered,  one  in  the  Evangeline  field  requiring  the 
following: 

Depth  of  pumping 1100  ft. 

Length  of  stroke 30.5  in. 

Strokes  per  min 40 

Diameter  of  tubing 2.5  in. 

Power  required 9.5  h.p.   • 

Another  Louisiana  well  near  the  Caddo  field  gave  test  results  as 
follows: 

Depth  of  pumping 1000  ft. 

Length  of  stroke 37.5  in. 

Strokes  per  min 38. 

Diameter  of  tubing 3  in. 

Power  required 17.5  h.p. 

Compared  with  the  California  wells,  these  Louisiana  wells 
have  a  longer  stroke,  higher  speed,  larger  percentage  of  water 
and  less  gas  in  the  oil,  and  therefore  require  more  power.     The 
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Caddo  well,  compared  with  the  one  in  the  Evangeline  field,  has 
a  little  lower  speed,  but  larger  tubing  and  less  gas  in  the  oil,  and 
therefore  takes  more  power.  The  depth  of  well  does  not  usually 
appear  to  be  a  factor  from  which  any  logical  conclusions  can  be 
drawn. 

It  is  interesting  to  note  that  the  counterweight  which  is  now 
quite  widely  used  on  the  walfcing-beam  to  counterbalance  the 
weight  of  the  rods  in  the  well  was  originally  installed  to  reduce 
the  motor  load  fluctuation  on  each  stroke,  and  was  found  to 
effect  a  saving  in  power  as  high  as  22  per  cent  in  some  instances. 
Its  use  has  since  been  extended  in  many  cases  to  engine-driven 
rigs. 

Where  changes  are  frequently  taking  place  in  well  conditions 
such  as  the  rate  of  oil  flow,  the  amount  of  sand  with  it,  the 
amount  of  gas  or  water  in  the  oil,  the  viscosity  of  the  fluid 
or  the  condition  of  the  pump  itself,  it  is  necessary  to  have  a 
variable-speed  motor  to  permit  the  operator  to  pump  at  what  he 
considers  is  the  maximum  economical  rate,  which  may  be  limited 
by  the  rate  of  oil  flow  or  the  rapidity  with  which  the  rods  and 
plunger  will  drop  in  the  oil  on  the  down  stroke.  On  the  other 
hand  there  are  many  cases  where  squirrel-cage  motors  meet  all 
the  requirements  of  pumping. 

Pulling  the  rods  and  tubing  is  ordinary  hoisting  work,  carried 
on  at  a  maximum  speed  of  the  band-wheel  which  m^y  be  from 
50  per  cent  to  100  per  cent  higher  than  the  pumping  speed.  It 
demands  an  intermittent  motor  output  of  from  35  to  80  h.p.  or 
even  higher  under  some  circumstances.  A  high  torque  machine 
is  therefore  most  suitable.  The  greatest  heating  of  the  motor 
occurs  when  handling  rods,  because  of  the  very  frequent  reversals 
which  may  occur  from  three  to  five  times  a  minute  for  an  hour 
and  a  half  to  two  hours  at  a  time.  Low  armature  inertia  is 
consequently  very  desirable.  Pulling  tubing  requires  the  highest 
torque  and  determines  the  size  of  motor  necessary.  The  rating 
usually  given  the  motor  for  this  duty  is  merely  nominal,  as  the 
maximum  torque  obtainable  is  the  determining  feature.  The 
maximum  load  is  that  encountered  when  lifting  together  the 
rods  and  pump  and  the  tubing  full  of  oil.  In  determining  the 
motor  capacity  it  is  convenient  to  use  the  following  formula  for 
the  horse  power  required  to  lift  tubing  at  a  uniform  rate  of  speed: 

^    W  XdX  N 
P*         63,000  X  L 
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in  which  W  =  weight  lifted  in  lbs. 

d  =  diameter  of  bull-wheel  shaft  in  inches. 
N  =  rev.  per  min.  of  bull-wheel. 
L  =  number  of  lines  used  in  the  tackle. 

The  constant  63,000  is  based  on  a  mechanical  eflBciency  of 
the  rig  of  50  per  cent.  This  is  a  fair  assumption  for  the  majority 
of  cases,  as  will  be  seen  by  reference  to  Fig.  8,  which  is  an  ap- 
proximate eflBciency  curve  plotted  from  the  results  of  several 
tests.  In  addition  to  the  value  obtained  from  this  formula 
there  must  remain  a  sufficient  margin  in  torque  for  acceleration. 
This  depends  largely  upon  the  flywheel  effect  of  the  motor 
armature,  as  the  revolving  parts  of  the  rig  have  relatively  small 
inertia. 


2.000         4.000  6,000         8.000 

NET  WEIGHT  LIFTED  IN  LBS. 


10.000 


Fig.  8 — Approximate  Mechanical  Efficiency  of  Standard  American 

Oil  Well  Rig 


Of  the  various  operations  of  cleaning  a  well,  swabbing  requires 
the  heaviest  demand  of  power.  The  work  consists  of  lowering 
a  plunger  into  the  well  casing  and  then  pulling  it  out.  The 
plunger  has  a  tight  fit  in  the  casing  so  that  the  suction  thus 
produced  draws  the  sand  out  of  the  perforations  at  the  bottom 
and  thus  clears  the  oil  passages.  The  operation  may  be  per- 
formed for  several  hours  at  the  rate  of  two  to  four  times  per  hour, 
each  hoisting  trip  of  the  swab  requiring  several  minutes.  Peak 
inputs  to  the  motor  from  40  to  nearly  70  kw.  have  been  recorded 
in  this  work. 

The  total  monthly  power  consumption  for  all  the  work  of 
pumping,  pulling  and  cleaning  a  well  will  vary  from  approx- 
imately 1350  to  6000  kw-hr.  but  the  average  is  about  2100 
kw-  hr. 


602  MOSTSISGER:  CORRECTIOS  FOR  A LTIT l' DE  l]une  27 

**  The  radiation  constant.  5.7,  is  suh;ect  to  si^»rr.e  uncertainty  at  present. 
For  several  y€-ars,  the  commonly  accepted  value  was  5.32,  which  was  the 
result  obtained  by  Kudbaum  'Wud.  Am  65.  746,  1K98).  Recently, 
however,  ^10f>9;.  Fer>'  obtained  a  value  6.3.  Since  then  many  investiga- 
tors have  redetermined  thi>  con<;tant.  Paschen  and  Gerlach  (Ann.  d 
Pkysik,  Vol.  38.  p.  30.  1912 •  obtained  the  value  5.9.  Shakespeare  (Proc. 
of  th€  Roy.  Soc,  Vol.  86A,  p.  IKO,  1911^  obtained  5.67.  Within  the  next 
year  or  so  the  correct  value  of  this  constant  will  undoubtedly  be  deter- 
mined. For  the  present,  it  would  seem  aimo«:t  certain  that  the  value 
5.32  is  toe  !ow,  and  that  the  value  5  7  mu<t  be  fairly  clo^^e  to  the  true 
value." 

Effect  of  Presstre,  Color  and  Contour  of  Surface    on 

Radiation 

Since  radiation  of  heat  is  jjurely  a  surface  phenomenon,  it  is 
proyx^rtional  onh'  to  the  envelojx;  of  the  surface  and  is  independ- 
ent of  the  pressure  of  <^as.  In  other  words,  for  a  surface  of  an 
irre;(ular  contour  it  is  the  outer  area,  that  is  ettective  for  radiation, 
and  the  rate  of  radiation  is  the  same  in  vacuo  as  in  a  <]:as,  all 
other  conditions  beinj^  the  same. 

For  surfaces  that  are  not  black  the  heat  radiated  is  always  less 
than  that  of  a  perfect  black  body.  The  followinj^  tabulation, 
by  Lan^muir,  taken  from  Table  VII  Trans,  of  the  Am.  Elec. 
Soc.  Vol.  23-198,  ^Mves  in  part  for  various  colored  surfaces  the  re- 
lati\'e  emissivities  e  as  percenta<:,a^  of  that  from  a  black  body. 

Relative  Emissivities  r 


Temperature  deg    cent,   (room  27 

d('K  ; 52  77  127  mean 

Co[)T>er  oxidized 77  70  76  74 

Copi>er  calorized M)  28  26  31 

Silver  Calculated; 17  1.9  2.1  1.9 

Cast  iron  bright 17  20  23  20 

Cast  iron  oxidized 50  67  64  60 

Aluminum  paint (i7  60  45  57 

Gold  enamel 33  40  37  37 

Monel  metal  bright 50  55  38  47 

Monel  metal  oxidized 50  60  49  56 

Aj.,'ain,  if  a  surface  is  irrej^ular  such  as  we  have  in  corrugated 
tanks  for  self -cooled  transformers  and  the  color  is  considerably 
different  from  a  perfect  black,  the  heat  radiated  from  the  cavities 
is  greater  than  that  radiated  from  a  flat  surface.  This  is  due  to 
the  fact  that  besides  the  heat  dissipated  by  direct  radiation, 
additional  heat  is  thrown  out  by  reflection.     However,  the  color 
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in  many  cases  is  important.  It  is  very  often  the  practise  to 
'shake-up'  a  well  to  free  the  pump  valves  from  sand  and  thus 
avoid  pulling  the  rods  and  tubing.  This  is  accomplished  by 
increasing  the  speed  of  the  walking-beam  for  a  few  minutes, 
but  there  is  no  practical  way  to  do  so  with  this  type  of  motor, 
as  the  time  required  to  change  pulleys  makes  this  method  out 
of  the  question.  The  two-speed  slip-ring  motor,  as  may  readily 
be  seen,  overcomes  all  these  difficulties  and  has  therefore  re- 
ceived wide-spread  approval  by  practical  oil  men.  One  of  these 
motors  is  illustrated  in  Fig.  9. 


far  HiEh  Sp*«!  throw 

Tor  Lgvv  S&«E(!  tlii'aw 
Swrich  to  f«i;hr 


Fig.  10 — Connections  for  Two-Speed  Motor  Equipment  for  Pump- 
ing, Pulling  and  Cleaning  Duty 


The  connections  of  the  two-speed  equipment  in  Fig.  10  show 
the  method  of  protecting  the  double-rated  motors  by  double- 
wound  overload  trip  coils  on  the  oil  switch,  which  are  so  inter- 
locked by  connections  with  the  switch  on  the  motor  that  proper 
protection  is  automatically  obtained.  The  controller  is  operated 
by  a  rope  wheel  from  the  derrick  as  described  for  the  drilling 
motor. 

While  the  majority  of  installations  use  a  belted  motor  with 
countershaft,  there  are  many  back-geared  machines  in  operation, 
the  two  arrangements  being  shown  in  Figs.  11  and  12.  Oil  men 
display  a  preference  for  the  former,  but  most  of  the  gear  noise 
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has  been  eliminated  on  the  most  recent  back-geared  installations 
by  the  use  of  cloth  pinions,  and  it  is  anticipated  that  more  of 
these  will  be  used  in  the  future. 

The  use  of  separate  motors  for  pumping  and  pulling  work 
requires  little  comment,  as  it  is  a  simple  proposition  to  select 
machines  with  the  proper  characteristics.  The  hoist  motor 
must  be  portable,  and  either  it  may  be  coupled  to  a  hoist  mounted 
on  a  truck  as  shown  in  Fig.  13,  or  the  motor  equipment  may  alone 
be  portable  and  designed  to  be  belted  to  the  countershaft  at 
each  well.  Both  methods  are  successfully  used.  The  complete 
portable  hoist  is  better  adapted  for  wells  ptunped  by  pumping- 
jacks. 

Pumping-jacks  are  operated  together  from  a  central  point,  the 
reciprocating  motion  being  obtained  by  eccentrics  or  cranks 
which  are  belt  driven.  Motors  have  been  applied  to  a  large 
number,  but  no  features  of  unusual  interest  are  involved,  as  the 
duty  is  non-reversing  and  a  friction-clutch  is  frequently  used  for 
starting  the  load.  It  is  an  interesting  comparison  with  the 
individually  driven  well  to  note  that  the  power  required  for  jack- 
rig  pumping  averages  approximately  2.5  h.p.  per  well  and  the 
average  consumption  is  from  30  to  45  kw-hr.  per  day.  The  use 
of  jacks  has  more  than  cut  the  power  bill  in  two  in  some  cases, 
but  they  are  considered  advisable  only  when  the  well  production 
falls  very  low,  as  their  use  causes  a  loss  of  from  15  per  cent  to  25 
per  cent  in  production  because  of  the  impossibility  of  running 
each  well  at  its  most  advantageous  speed. 

Oil  well  motors  have  been  used  in  eastern  United  States  fields 
for  the  past  twelve  years,  but  active  interest  was  not  taken  in 
them  in  California  and  the  middle  west  until  1910.  The  condi- 
tions encountered  in  those  fields  required  the  development  of 
the  equipments  described  in  this  paper,  which  with  little  or  no 
change  can  successfully  meet  any  conditions  so  far  encountered 
in  this  country.  During  the  first  three  years  over  a  thousand 
wells  were  electrified  in  California  alone.  Although  very  little 
development  work  has  taken  place  in  the  fields  during  the  past 
two  years  due  to  the  very  low  market  price  of  oil,  it  is  estimated 
that  there  are  between  1500  and  2000  electrically-operated  oil 
wells  in  the  United  States  at  the  present  time. 

No  attempt  has  been  made  in  this  paper  to  give  comparative 
operating  costs,  as  a  considerable  amount  of  valuable  data  on 
that  subject  has  already  been  published  and  is  readily  available 
to  those  interested. 
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For  30  deg.  cent,  room  temperature  and  for  standard  atmos- 
pheric pressure  the  above  formula  reduces  to 


Wc  =  3.98  X  10-^  H-\  e 


1.25 


(6) 


The  results  of  observations  conducted  by  the  writer  indicate 
that  the  loss  vs.  temperature  rise  follows  a  simple  exponential 
law  similar  to  Lorenz*  formula  (when  H  =  approx.  9  cm.) 
throughout  a  range  of  temperatures  from  0  deg.  cent,  to  ap- 
proximately 100  deg.  cent,  (tests  were  not  made  above  100  deg. 
cent.).     This  law  also  holds  in   plotting  on  logarithmic  paper, 


2  3        4     5     6    7  8910  ?n  10     ^'^     ^n  rp  ,>opo'»0 

MAXIMUM  OIL  RISE  (^'i  OVFR  AVERAGf  ROOM  TtMPfRA'URE 

Fig.  2 


the  maximum  oil  rise  of  tanks  with  surfaces  of  various  shapes 
against  the  loss  dissipated  per  unit  area  of  dc\'el()ped  surface. 
Referring  to  Fig.  2  in  which  maxinmm  oil  rise  is  plotted  on 
a  logarithmic  scale  against  loss  per  unit  area  of  the  developed 
surfaces  of  three  tanks  shown  in  Figs.  3  and  4,  it  will  be  noted 
that  these  points  fall  (for  each  tank)  practically  in  a  straight 
line.  Providing  the  temperature  gradients  along  the  tank  sur- 
faces from  tojj  to  bottom  do  not  change  for  different  maximum 
oil  rises  (and  there  is  no  reason  why  they  should  appreciably 
change)  the  equation  of  the  line  drawn  through  these  points  for 
any  one  tank,  when  supplied  with  the  ])ro[)cr  constant,   (found 
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periods  in  cleaning  and  "pulling."  and  that  this  is  coupled  with 
high  efficiency  when  pumping  continuously  for  days  at  a  stretch. 
Another  point  brought  out,  is  the  possibility  of  connecting 
the  same  winding  for  two  speeds  and  thus  further  adapting  the 
motor  to  its  work.  From  many  points  this  is  almost  an  ideal 
combination  of  motor  and  tool  characteristics. 


Presenitd  at  the  33i  Annual  Convention  of 
the  American  Institutt  of  Electrical  Engineers, 
Cleveland,  O.,  June  27.   1916. 
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REPORT  OF  THE  TRANSMISSION  COMMITTEE 

I— Data  from  Operating  Plants  on  the  Effect  of 

Altitude  on  the  Operating  Temperature  Rise  of 

Electrical  Apparatus 


BY  PERCY  H.  THOMAS,  CHAIRMAN 


RECOGNIZING  the  absence  of  conclusive  data  on  the  alti- 
tude correction  to  be  applied  to  the  temperature  rise  of 
electrical  apparatus,  and  further  the  lack  of  uniformity  of  the 
general  practise  as  well  as  the  frequent  entire  omission  of  the 
correction,  the  Transmission  Committee  undertook  the  collection 
of  data  as  to  the  opinion  and  practise  of  operating  engineers  and 
sent  a  list  of  questions  to  150  companies  and  individuals. 

The  information  received  is  herein  summarized  and  discussed. 
It  should  be  noted  that  no  effort  has  been  made  by  the  Committee 
to  make  laboratory  tests  or  scientific  investigations — nor  does 
the  Transmission  Committee  offer  any  definite  rule  of  correction, 
for  this  is  the  function  of  the  Standards  Committee.  The  data 
collected  are  presented  as  information  for  the  use  of  any  committee 
or  individuals  who  may  find  it  helpful. 

Thirty-one  replies  were  received.  Of  these  15  were  from  plants 
operating  apparatus  at  5000  ft.  (1524  m.)  altitude  or  higher, 
which  are  here  called  high-altitude  plants.  Of  these  15  high 
altitude  plants  six  make  no  correction  for  altitude  and  six  have 
noticed  no  effect  of  altitude.  Comments  of  more  or  less  interest 
have  been  received  from  some  of  the  above  and  are  here  sum- 
marized. 

From    W.    N.    Clark,  Arkansas   Valley  Ry.  Lt.  and  Pr.  Co,, 
Canon  City,  Colorado. 

Altitude  9000  to  10,000  ft.  (2743  to  3048  m.) 

Take  account  of  altitude  both  in  purchasing  and  loading 
transformers.  Have  no  definite  rule  for  correction  but  have  by 
experience  determined  which  design  of  transformers  operate 
satisfactorily.  The  transformers  in  question  are  step-down 
transformers  in  the  Cripple  Creek  district,  ranging  in  capacity 
from  100  to  900  kw. 
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effort  to  look  into  the  subject  they  usually  conclude  that  a  cor- 
rection should  be  made. 

While  in  most  cases  the  altitude  correction  is  not  important, 
there  are  some  where  it  is  of  great  importance,  for  example  to 
such  a  company  as  the  Chile  Exploration  Company  which  ex- 
pects to  have  100,000  kw.  of  transformers  and  motors  at  9000 
ft.  (2743  m.)  altitude,  much  of  which  will  be  carefully  rated,  or  as 
the  Cerro  de  Pasco  Mining  Co.  with  apparatus  at  the  extreme 
altitude  of  14,000  ft.  (4267  m.) 

Obviously  the  data  collected  by  the  committee  form  no  basis 
for  the  drawing  of  a  definite  altitude  correction,  and  the  collection 
of  data  was  not  undertaken  with  that  in  view.  It  serves  how- 
ever to  show  the  attitude  of  engineers  in  general  on  this  question 
and  thus  it  is  of  considerable  interest. 

Two  of  the  replies  above  quoted  are  to  the  effect  that  their 
authors  considered  that  the  altitude  correction  is  not  of  magni- 
tude enough  or  sufficiently  precise  to  warrant  a  formal  rule. 

Two  of  the  replies  included  certain  matters  not  strictly  perti- 
nent to  the  subject  of  the  inquiry  but  still  cognate  and  of  some 
interest,  they  are  appended  below. 

From   J.    H,    Rider,  8  Queen  Anne's  Gate,  Westminster,  5.  W., 
London, 

One  of  the  things  which  no  manufacturer  ever  pays  attention  to  is  that 
the  temperature  rises  of  generators  and  motors  tend  to  increase  as  time 
goes  on,  even  with  the  same  load.  This  is  because  the  first  temperature 
tests  are  made  with  the  machine  in  a  new  and  clean  condition,  with  all 
ventilating  passages  in  good  order.  During  working,  however,  it  is  impos- 
sible to  keep  dirt  from  collecting  in  the  air  passages,  and  so  the  ventilating 
facilities  get  worse  and  worse,  as  time  goes  on. 

It  is  quite  impracticable  to  clean  out  the  ventilating  spaces  without 
dismantling  and  then  rebuilding  the  whole  machine,  which,  in  practise, 
is  impossible,  as  a  user  is  entitled  to  expect  his  ^machine  to  run  satisfac- 
torily for  very  many  years,  if  he  gives  proper  attention  to  the  bearings, 
brushes,  etc. 

The  above  point,  perhaps,  does  not  concern  only  motors  which  are 
intended  to  work  at  high  altitudes,  but  it  shows  that  the  test  temperature 
of  such  machines  at  sea  level  must  be  quite  as  low  as  those  which  are  fixed 
upon  if  satisfactory  after-running  is  to  be  obtained. 

If  your  committee,  therefore,  could  both  fix  upon  a  standard  for  tem- 
perature tests  at  sea  level  to  give  reasonable  working  temperatures  at 
high  altitudes,  and  also  make  such  sea  level  figures  low  enough  to  provide 
for  the  gradual  clogging  of  the  air  passages,  you  will  have  done  a  very 
great  work. 
I^rom  R,  S.  Masson,  705  Security  Building,  Los  Angeles,  Col. 

I  was  much  interested  in  your  letter  about  the  effect  of  altitude  on  the 
temperature   rise  of  electrical  apparatus.     I  have  been  determining  for 
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as  pointed  out  before  for  a  height  of  9  cm.  the  formula  gives 
practically  the  same  results  as  equation  (10). 

Method  op  Calculating  Loss  Dissipated  prom  Tank  Surface 
For  theoretical  calculations,  the  temperature  of  the  surfaces 
having  corrugations  was  taken  as  an  average  of  the  temperature 
of  the  outside  and  inside  bends.  If  the  equations  for  radiation 
and  for  convection  were  not  in  exponential  form,  i.e.,  if  loss 
plotted  against  temperature  rise  were  straight  lines,  it  would 
only  be  necessary  to  determine  the  average  temperature  of  the 
surface  and  this  multiplied  by  the  areas  would  give  us  the  pre- 
dicted losses  by  convection  and  by  radiation.  Again  if  we  had 
an  equation  of  the  temperature  gradient  from  the  top  to  the 
bottom  of  the  surface  of  each  tank  we  could  substitute  in  the 
general  heat  equations  and  integrate  between  limits,  for  cal- 
culating the  losses.  However,  it  would  probably  be  a  long  and 
tedious  task  to  derive  an  equation  for  the  temperature  gradient 
of  the  surface. 

The  most  convenient  method,  (and  the  one  used  by  the  writer) 
is  to  use  the  process  of  summation,  i.e.,  to  divide  the  area  of  the 
surface  into  sections  for  every  few  deg.  rise,  and  calculate  the 
loss  for  each  section  separately.  The  sum  of  the  losses  for  the 
sections  should  be  the  total  calculated  loss.  If  the  surface  is 
divided  into  enough  sections  the  error  introduced  is  negligible. 
Table  I  shows  a  comparison  of  the  input  loss  (at  Pittsfield) 
with  calculated  losses  using  the  equations : 

Wr  =  5.7  X  10-^2  (^f^A  __  7-^4)  for  radiation 

IVc  =  K  fl'"  for  convection 

and  Wc  =     ^\^ — ^^  for    convection. 

().4o  cm. 

The  table  shows,  with  the  exception  of  the  plain  tank,  that  the 

equation  p  gives  too  high  loss  at  lower  temperatures, 

n 

but  that  as  the  temperature  increases  the  calculated  and  test 
values  come  close  together,  which  indicates,  as  pointed  out 
before,  that  B  has  a  greater  value  than  0.45  cm.  for  low  tempera- 
tures. For  the  plain  tank  the  losses  are  so  small,  especially 
for  test  7  that  a  few  watts  in  observable  errors  would  make  a 
large  error. 
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From  the  Pennsylvania  Water  and  Power  Company^ 
Mr,  A,  Bang,  Testing  Engineer, 
The  Pennsylvania  Water  and  Power  Company  operates  a  hydroelec- 
tric plant  located  at  Holtwood,  Pa.  The  generating  capacity  of  this 
plant  is  at  present  about  83,500  kw.;  the  current  is  three-phase.  25 
cycles,  and  generated  at  11,000  volts.  This  voltage  is  stepped  up  to 
70,000  volts  by  means  of  three-phase  transformers,  which  are  delta  con- 
nected on  the  low-tension  side  and  star  connected  on  the  high-tension 
side. 


Ill  lit  iflmfr^fittt^Sm* 

jjl  Mb     iPi  lrcti,imtji>m      II 1         jj.   tmt  nn^ittn^ 


One-Line  Wiring  Diagram  of  Generating  Station — Transmission 
AND  Substations 


The  bulk  of  this  power  is  transmitted  to  Baltimore,  Maryland,  through 
three  70,000- volt  40- mile  (64-km.)  long  transmission  circuits.  At  the 
terminal  station  in  Baltimore  the  voltage  is  stepped  down  from  60,000 
volts  to  13,200  volts  by  means  of  three-phase  transformers,  delta  connected 
on  the  high-tension  side  and  star  connected  on  the  low-tension  side.  This 
power  is  then  distributed  through  a  13,000- volt  underground  cable 
system  to  a  number  of  substations  located  in  Baltimore. 

A  minor  part  of  the  power  generated  at  Holtwood  is  transmitted  at 
70,000  volts  to  Lancaster,  Pa.,  where  the  voltage  is  stepped  down  to 
2300    volts  through  single-phase  transformers  connected  in  open  delta. 


612  MONTSINGER:  CORRECTION  FOR  ALTITUDE  [June  27 

For  a  constant  loss  the  temperature  rise  therefore  varies 
inversely  as  the  0.4  power  of  the  pressure. 

Using  the  Smithsonian  Institute's  formula  changed  from  Eng- 
lish to  metric  system  for  altitude  vs.  barometric  pressure,  namely 

logio  p  =  logio  760 

-     d Ml) 

19.07377  [  1  +0.00367  ( T- 10)  deg.  cent.]  ^  ^ 

where 

p  =  barometric  pressure  in  mm.  of  mercury. 
A  =  altitude  in  kilometers. 
T  =  temperature  in  deg.  cent.  =  30  deg. 

we  obtain  the  following  values: 

when  p  =760       711     664         621       570       542        507  474  mm. 

or  1,000  A  =        0       600     1200     1800     2400     3000     3600   4200    m. 

%  increase  in  ^  =        0     2.72     5.6       8.75   11.4     14.60     17.52  20,9 

%  increase  in  d 

=0     4.53     4  66     4  86     4  86     4.86       4.86  4.97 

A 

The  average  of  the  above  values  is  4.8.  With  an  average  posi- 
tive error  (when  A  is  greater  than  1.2)  of  about  2.5  per  cent, 
we  mav  put 

01  =  5^  (12) 

where  0i  is  the  percentage  increase  in  temperature  rise  for  a  con- 
stant loss  and  A  is  the  difference  in  altitude  between  lower  and 
upper  elevations  expressed  in  kilometers  {i.e.,  for  1000  m.  A  =  1). 

Effect  of  Pressure  on  Surface  Dissipating  Part  of  Loss 
BY  Radiation  and  Part  by  Convection 

Equation  (12)  is  applicable  only  for  a  surface  dissipating  all 
its  loss  by  convection  when  naturally  cooled.  However,  this 
condition  seldom  exists  in  commercial  transformers.*  The 
percentage  of  total  loss  by  convection  is  probably  from  40  to 
45  per  cent  for  a  plain  surface,  whereas  for  surfaces  with  very 
complicated  contours  the  loss  by  convection  may  approach  more 
nearly  100  per  cent.  It  follows,  therefore,  that  the  effect  of 
altitude  will  be  quite  different  for  different  types  of  surfaces — 
each    one   requiring   special    consideration. 

This  effect  may  be  expressed  in  terms  of  the  percentage  of 

*  Natural  draft  transformers  would  come  under  this  condition  where  the 
totid  RP  los?  is  carried  away  by  natural  circulation  of  air  through  ventilat- 
ing ducts  in  the  windings. 
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Outside  of  the  lightning  season  only  one  transformer  per  circuit  is 
grounded  as  a  matter  of  switching  convenience. 

On  the  Lancaster  system  only  one  transformer  is  normally  used  and 
consequently  only  one  grounded. 

At  present  the  transformers  are  grounded  through  metallic  resistances. 
The  system  was  originally  run  dead  grounded  from  the  neutral  point  of 
one  transformer  per  circuit.  It  was  thought  that  the  ground  short-circuit 
currents  produced  thereby  were  too  heavy,  and  that  some  of  the  early 
transformer  breakdowns  might  have  been  due  to  this  cause,  so  a  resis- 
tance was  inserted  between  transformer  and  neutral  ground.  From  tests 
and  calculations  made  later  it  would  appear  that  even  with  the  present 
reactance  coils  the  current  that  one  single  dead  grounded  transformer 
can  receive  may  be  dangerous,  but  that  this  would  not  be  the  case  if  several 
transformers  of  the  same  bank  were  grounded  at  the  same  time  and  that 
with  all  the  transformers  grounded  at  the  same  time,  it  would  be  quite 
possible  to  run  safely  without  ground  resistance.  However,  this  latter 
arrangement  has  not  yet  been  tried  out  as  a  practical  operating  condition 
on  the  high-tension  transmission  lines. 

On  the  13,000-volt  cable  system  in  Baltimore  the  arrangement  of  hav- 
ing all  the  transformers  dead  grounded  has  been  adopted  and  been  in 
service  for  the  last  year  and  a  half  apparently  without  causing  any  incon- 
venience. The  reason  why  this  system  was  adopted  here  instead  of  the 
former  system  where  only  one  transformer  was  grounded  through  a  resis- 
tance was  to  make  certain  of  a  sufficient  current  on  a  ground  to  trip  the 
relays,  which  on  account  of  the  desire  to  get  selective  action  of  the  relays 
between  various  substations,  are  set  for  rather  high  tripping  current.  The 
condition  of  running  entirely  ungrounded  on  the  cable  system  has  never 
been  tried  but  would  hardly  be  of  any  great  benefit,  as  most  of  the  cable 
troubles  apparently  start  between  conductors,  and  not  as  grounds. 

The  first  resistance  tried  for  the  transformers  at  the  power  house  were 
concrete  blocks,  which  proved  unreliable  on  account  of  lack  of  con- 
stancy in  resistance  and  because  they  gave  rise  to  arcing  when  voltage 
was  built  up  on  them. 

Cast-iron  grid  resistances  were  then  substituted  and  have  been  satis- 
factory on  the  whole.  The  difficulties  experienced  with  them  are  their 
limited  heat  capacity  in  the  case  of  some  ground  hanging  on  unexpectedly 
long,  and  also  on  account  of  the  occasional  failure  of  the  insulation  be- 
tween grids. 

The  ground  connections  used  at  the  Holtwood  power  house  are  of  differ- 
ent types.    In  the  main  they  consist  of: 

(a)  Several  copper  plates  buried  in  the  mud  in  the  forebay. 

(b)  Twenty-four  IJ-in.  (38-mm.)  galvanized  iron  pipes  driven  9  ft. 
(2.7  m.)  in  the  wet  earth  in  the  neighborhood  of  the  first  tower  of  the  trans- 
mission line. 

(c)  Several  heavy  castings  lowered  in  the  tail  race  (the  connections  to 
some  of  these  latter  were  accidentally  torn  loose  and  have  not  been  restored.) 

(d)  Besides  the  above  artificial  grounds  an  effort  has  been  made  to 
tie  in  all  metal  parts  in  the  power  house  with  the  ground  system  and  to 
tie  in  specially  with  such  metal  parts  as  are  in  direct  connection  with  the 
river  water,  as  for  example,  head  gates  and  racks.     The  power  house 
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i»i,tM\MH}S  OP  General  E^.uation  for  Effect  of  Barometric 
Pressure  on  Temperature  Rise 
U  e  have  seen  that  tor  temperature  rises  between  0  deg.  and 
75  dt'fi  cent.,  the  general  equation  of  temperature  rise  vs.  loss  is 
6  =  K  ^r"  and  that  the  equation  of  temperature  rise  \'S.  altitude  is 
01  =  o  AS  If  we  let  0  =  temperature  rise  at  some  high  alti- 
tude, and 

let  IV,,  =  loss  at  room  temperature  6    for  given  load  conditi'Dns 
on  the  transformer 
**  IV    =  loss  at  temperature  rise  6 

cor;L>er  loss 
**      a  = 


iron  -!•  coDL-er  .oss 


We  may  put  U\  =   \V,    I  -  a    ^  a  U\ 

Since  iron  loss  is  practically  unanecteil  by  temperature  see 
T R A  N  ^ .  A .  I .  E . E . .  1 9 1 2.  p .  2t)2.5.  M acLaren  at  temperature  d  for 
tem.perature  c*x:tScient  ui  resistivity  of  o^pperof  0.<»427  percent 

per  dez.  cent,    tne  cop:.t:r  .r^ss  =  a  \\  )  I ..^       ^  n 1 

■  \        2:}4  -  9,         / 

The  ternix-raturt;  nsc    say  9,    tor  this  loss  at  sea  level  w."  be 

It  taken  t</  a  :::.^'h  altr.U'ic  the  tenipcrature  n-^.  with  this  loss, 
'.vill  bo  incrtra-eti  O:  per  cent  :.  e.. 
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Let        fl,  =  temperature  rise  at  the  lower  altitude  for  the  given 
load  conditions. 

0.  =  K  Wr 

tw     ^     -  /i  4-    *^'  ^  r     234  +  g,  +  g  g    Y 
then    ^^     -  y  +  -im)  L  234  4-   flo  +  a  gj 


Which  mav  be  written  in  the  form 


l-(-^)[ 


<f)i\r  234  +  $0  +  ad.  +  a(e  -  d.) 


234  +  5, 


?.  +  aid  -  e.)  1 
0  +  o  0.  J 


Putting  (l  +  -^o)  =  B 


and  234  +  fl„  +  a  0.  =  P 


i-4'-^^^] 


Expanding  by  the  binomial  theorem 


__  =  B  1^1  +  „  _ +  _ _ +. 


The  terms  after  the  second  may  be  neglected  without    any 
appreciable  error,  then 


L   =    R  V   D-nae.-\ 
ID-  BnaOj 


=  B 


[ 


1 

100 

n  a 

6. 

D- 

na 

e.j 

616  MONTSINGER:  CORRECTION  FOR  ALTITUDE  IJxxnfi  27 

or  with  an  error  of  less  than  1  per  cent 


_e_ 
e. 


which  reduces  to 


r  =  ('-^)h 


<^2  n 


234  +  00  + 


(16) 


"SI 

.1 


While  equation  (15)  may  be  used  for  calculating  the  tempera- 
ture rise  for  any  altitude,  it  can 
be     greatly     simplified      (without 
introducing  any  large   errors)    by  w 
assuming  definite  values  of  do,  fl„  | 
and  n.     Even  though  these  values  | 
vary  considerably  in  practise   the  §]* 
effect  on  the  final  results  is  small  ^ 
and  the  error  introduced  by  using  s 
average  values  is  permisvsible.  a 

Asumming  a  difference  in  alti- 1 
tude  of  3000  m.  (9840  ft.)  or  when  ^ 
A    =   3  (in  equation  02  =  5  AS) 
5  =  1,  w  =  0.8,  do  =  30deg.  cent. 


1 

T 

i 

— 

1 

i_L 

i 

lJlSlUji1A.I.fe£Y 

..-„ 

'— 

— 

— ' 

^ 

y 

— 

— 

1 
1 

775 

> 

-    ■^— 

^ 

2 

i 

P^ 

-      -J^^ 

^ 

■^ 

^ 

r 

r- 

L- 

lOM         70O0  KSOO         ^ODQ 


e. 

a  =  0.0, 


Fig.  7 


=  1 .  15    or  the  new  value  of  0  =  5.0    ^5 


50  deg.  cent.,  and 

a  =  0.5,        "      =  1.164   "     "     "  "    "     "  =  oA7  AS 

a  =  1.0,        "      =  1.1753"     "     "  "    "     "  =  5.85^5 


In  other  words,  0  the  percentage  increase  in  temperature,  ranges 
from  5  ^5  to  5.85  AS,  depending  on  the  ratio  of  copper  loss  to 
total  (iron  +  copper)  loss.     Then  we  may  put 

<t>  =  AS  {5  +  0.85a)    or  with   a  maximum  positive  error  of 
only  2.5  per  cent  when  a  =  I. 


(t)  =  AS  {5  +  a) 


(16) 


Fig.  7  gives  curves  plotted  from  equation  (16)  where  a  =  0.5, 
and  e  =  I. 
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Table  II  shows  a  comparison  between  observed  temperature 
rises  and  calculated  temperature  rises  by  equation  (16)  using  the 
data  shown  in  Tables  III,  IV  and  V  giving  complete  data  on 
observations  conducted  at  Pittsfield,  Boulder  and  at  Leadville. 


TABLE  NO.  II. 


Test 
No. 


Average 
surface 
rise  deg. 

cent,  at 
Pitts- 
field 


Percentage  temperature  rise  above  tests  at  Pittsfield. 


Tests  at  Boulder 


Predicted 

by 
equation 

(1«) 


Observed  above 


Average 
room 


Idle 
tank 


Tests  at  Leadville 


Predicted  |       Observed  above 
by 


equation  I    Average  I       Idle 
(1«)  room      I       tank 


Tank  No.  I. 

1 
2 
3 

17.5 

29.7 

1        44.4 

6  45 
6  41 
5  95 

6.83 

5.5 

6.7 

8.32 
7.0 
7  5 

12.60 
13.10 
11.40 

10.0 
13.5 
12.6 

11.0 
14.6 
13.3 

Mean  values 6  27 

Mean  value  obtained  by  formula*. 


6  34 


7.6 


Tank  No.  IL 


12.4 
11.51 


12.0 


12.9 


4 

15.8 

5  00      j 

0            1 

0 

9  95      ] 

6.06 

7.40 

5 

31.1 

5   10 

3.3 

1   85      , 

10.00     1 

8.75 

9.50 

6 

44  4 

4  90      1 

1   95      1 

1.78      i 

9.85      1 

8  65 

9.95 

rMean  values 5  0 

.Mean  value  obtained  by  formula*. 


1   42 


1   27 


Tank  No.  III. 


9  93 
9.3 


7  82 


8  95 


7 

9.85 

3  42 

1       0 

1          0             I 

6.62 

5  77 

5.6 

8 

31   5 

3  50 

1   —3  34 

1   —  3.34      ' 

6  92 

3  82 

4  05 

9 

48  3 

3  35 

,    —2  82 

1    -  3.26      1 

♦)  70      , 

4   32 

5  0 

Mean  values 3.42         —2.08 

'  Mean  value  obtained  by  formula* 


6.74 
6   12 


4.6 


4.88 


^  »  4.8() /I  (    H/     ■    u^     )•      Note:   Instead    of    using    here    a    constant    value    (5)    for 


I    If/     .    iir     )  for  different  temperature  rises,  the  values  for  W^  and   W^  are  based  upon 

actual  watts  dissipated  as  given  by  equations  (1)  and  (10)  for  surface  temperature  rises 
shown  in  second  column  above.  Since  the  values  for  Wc  and  Wr  change  in  opposite  direc- 
tions for  change  in  altitude,  the  calculations  are  made  for  the  proper  values  at  an  altitude 
of  1525  m.  (5000  ft.)  above  sea  level. 
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Date 
of| 

test 

»o  ^c  »o 

III 

5-20-15 
5-18-15 
5-17-15 

7-27-15 
7-26-15 
7-25-15 

Grains  of 
moisture 
per  litre 

of 

air 

^  i-i  00 
6  6  6 

odd 

2§2 
6  6  6 

Humidity 
of  air 
in   %   of 
satura- 
tion 

lO 

?o  -*  -* 

»o 

^^^ 

s 

6 

Q 
2 

i 

u 

S 

i 
I 

|5 

o  o  o 

to  00  t- 

5S^ 

to  00  t* 
!>•    Q    •»• 

to   M    CO 

cc  CO  ^ 

o  o  o 
2  2  2 

ill 

Observed 

barometiic 
pressure 

in 
mm.  Hg. 

t*  oo  CO 

<N    M    M 
t*    t^    t^ 

«    CO   CO 

O    »    fC 

§22 

lO    to   to 

6    . 

c 
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3 
It 

^3 
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E 
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> 

< 
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41 
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30  eo  1^ 
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»  h.  « 
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(N    -if    »0 

.J 
> 
< 

26.2            26.4 
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61.9            61.6 
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our  Essex  and  Marion  stations,  have  2.5  per  cent  feeder  reactances  at 
each  end,   making  a  total  of  5  per  cent  between  the  generating  stations. 

Between  our  City  Dock  and  Marion  stations,  we  have  seven  three- 
conductor  13,200-volt  tie  feeders.  At  each  end  of  these  feeders  we  have  a 
seven-section  selective  relay  which  cuts  out  the  bad  cables  in  case  any 
trouble  occurs  between  these  two  stations.  On  all  other  feeders  we  use 
standard  makes  of  circuit-closing  inverse- time-limit  relays. 

When  a  ground  or  short  circuit  occurs  on  a  cable  or  aerial  line,  a  test 
is  made  for  location  as  soon  as  possible.  If  the  ground  or  short  circuit 
is  of  such  high  resistance  that  a  good  test  cannot  be  made,  the  resistance 
of  the  fault  is  decreased  either  by  further  breakdown  from  testing  trans- 
former, or  by  reduction  with  600- volt  direct  current.  The  location  is  then 
made  by  means  of  a  slide-wire  bridge  using  the  loop  method.  The  chief 
causes  are  mechanical  injury  to  the  cable,  defective  joints,  water  in  the 
cable  (probably  caused  by  a  previous  breakdown  somewhere  near  this 
same  location)  and  high-voltage  disturbances,  cause  unknown. 
From  Pacific  Light  and  Power  Corporation  ^ 

Mr.  H.  A .  BarrCy  Elec.  and  Mech.  Engineer. 

The  arrangement  of  the  high-tension  distribution  has  been  such  that 
it  has  been  possible  to  operate  alternately  with  the  grounded  neutral  sys- 
tem and  the  ungrounded  delta  system.  The  experience  with  the  un- 
grounded delta  system  has  been  so  disagreeable  that  we  have  made  up  our 
minds  that  under  our  conditions  a  grounded  neutral  system  is  essential. 

The  determining  conditions  seem  to  be  the  number  of  miles  of  line  and 
the  capacity  of  apparatus  connected  to  the  system. 

The  business  of  this  company  consists  of  supplying  power  to  the 
company's  commercial  distribution,  which  covers  all  classes  of  load  and 
includes  some  15,000- volt  underground  cable;  and  of  furnishing  service 
to  two  large  railroad  companies,  each  of  which  has  a  maximum  demand 
of  about  25,000  kw.  The  total  system  peak  load  for  the  past  year  was 
76,000  kw.  at  the  generating  stations. 

The  150,000-volt,  240-mile  (386-km.)  line  from  Big  Creek  is  served 
through  delta-star  connected  transformers  at  the  generator  end,  with  the 
neutral  of  the  high-tension  side  grounded,  and  delivers  power  through 
delta-delta  connected  transformers  at  the  receiving  station.  One-half  of 
these  latter  lowering  transformers  have  a  secondary  voltage  of  15,000 
volts.  The  remainder  have  a  secondary  voltage  of  60,000  voltg.  The  reason 
for  this  arrangement  is  that  the  base  of  the  company's  distributing 
system  is  a  very  extensive  15,000- volt  network.  The  close-in  parts  of 
this  net  work  receive  power  from  the  substation  directly  at  15,000  volts. 
The  remote  parts  are  fed  with  60,000-volt  feeders. 

The  15, 000- volt  network,  including  the  lines  of  the  two  railroad 
companies,  embrace  about  1600  miles  (2574  km.)  of  line.  The  60,000-volt 
system  at  the  present  time  has  about  85  miles  (136  km.)  of  line. 

Connected  to  the  60,000-volt  system  through  compensators  are  about 
300  miles  (482  km.)  of  50,000-volt  line.  Fed  from  this  line  are  about 
45  miles  (72  km.)  of  10,000-volt  lines,  and  45  miles  (72  km.)  of  15,000- 
volt  lines,  which  are  not  otherwise  connected  to  the  net  work.  These 
10,000-volt  and  15,000-volt  lines  were  not  connected  during  the  time  of 
trouble  with  the  ungrounded  delta  system  which  is  described  later. 
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On  account  of  the  fact  that  it  was  desirable  to  make  the  lowering  trans- 
formers of  the  Big  Creek  system  of  the  same  design  for  both  voltages  so 
that  they  could  be  connected  in  series  for  60,000  volts  or  in  parallel  for 
15,000  volts,  the  60-kv.  and  15-kv.  systems  are  in  phase,  hence  they 
require  delta-delta  transformations  at  the  remote  points  where  the  60,000- 
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volt  feeders  deliver  to  the  15,000-volt  network.  This  precluded  the  pos- 
sibility of  a  grounded  star  connection  at  the  latter  points  of  transforma- 
tion. 

Previous  to  the  advent  of  Big  Creek,  the  15,000-volt  system  had  been 
fed  from  a  40,000-kw.  steam  turbine  plant  of  which  the  neutral  was 
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grounded.  After  Big  Creek  commenced  service,  this  steam  plant  was 
needed  only  in  emergencies  and  over  peaks  and  the  opportunity  for  estab- 
lishing the  ground  through  it  was  lost  except  during  such  hours  as  it  might 
be  operated.  This  left  the  15,000-volt  network  without  an  established 
neutral,  and  it  was  found  that  whenever  any  trouble  occurred  which  in- 
volved the  accidental  grounding  of  a  15,000-volt  wire,  the  flow  of  charging 
current  was  sufficient  to  set  up  very  serious  surges  in  the  system.  These 
invariably  caused  breakdowns  at  more  than  one  point  on  the  system, 
sometimes  three  or  four  points,  and  the  damage  to  the  service  and  appar- 
atus became  a  matter  of  most  serious  concern.  These  breakdowns  were 
usually  flash-overs  or  punctures  of  line  insulators  or  bushings  of  trans- 
formers or  switches. 

It  happened  that  while  this  condition  existed,  a  new  station  was  being 
built  at  Vernon,  in  which  was  being  installed,  amongst  other  things,  a 
bank  of  three  5000-kw.  transformers  with  a  voltage  ratio  from  60,000  to 
15,000.  As  an  experiment,  the  15,000-volt  side  of  this  bank  of  trans- 
formers was  connected  in  star  with  the  neutral  point  grounded,  and  the 
bank  connected  to  the  16,000- volt  bus  bars.  The .  60,000- volt  side  was 
delta  connected,  and  being,  therefore,  out  of  phase  with  the  60,000- volt 
bus,  was  left  idle;  in  other  words,  an  idle  bank  of  transformers  having 
closed-delta  secondary  was  used  to  establish  the  grounded  neutral  on  the 
15,000-volt  system.  This  bank  had  a  very  large  capacity,  full  load  being 
something  like  600  amperes. 

It  was  found  that  this  effectively  eliminated  the  surges  and  that  after 
its  installation  whenever  line  trouble  occurred  the  effects  were  localized 
in  the  section  affected,  and  in  practically  every  case  the  system  of  opera- 
tion employed  to  sectionalize  the  net  work,  both  automatically  and  man- 
ually, has  served  to  protect  the  service.  Some  troubles  have  occurred  on 
the  60,000- volt  system,  but  since  there  is  a  ground  established  to  it  by  con- 
nections to  another  plant,  they  do  not  at  the  present  time  appear  serious. 

This  is  largely  due  to  the  fact  that  the  60-kv.  system  is  of  compara- 
tively small  extent  and  when  it  grows,  a  system  of  connections  to  establish 
a  grounded  neutral  of  large  current  carrying  capacity  will  be  necessary. 

From  the  foregoing  experiences,  our  conclusions  have  been  that  under  our 
conditions  on  a  large  system,  the  power  stations  should  always  be  operated 
with  a  grounded  neutral  connection  on  the  line  side  of  the  transformers. 
The  generator  side  should  be  delta  connected.  At  the  receiving  stations 
and  distributing  substations  the  delta-delta  system  is  preferable. 

We  have  not  found  the  installation  of  resistance  in  the  neutral  of  any 
advantage.  The  difficulty  of  making  a  good  ground  answers  the  resistance 
question. 

On  the  150,000-volt  Big  Creek  lines,  accidental  grounds  are  handled  as 
follows: 

When  the  operator  at  the  power  house  sees  the  recording  ground 
ammeter  showing  a  ground,  he  reduces  the  generator  field  by  cutting  in 
a  special  rheostat  installed  for  this  purpose.  As  soon  as  the  ground 
ammeter  drops  back  to  zero  he  cuts  out  the  resistance  and  the  voltage 
comes  back  to  normal,  and  the  automatic  voltage  regulator  takes  control. 
This  resistance  is  not  cut  out  all  at  once,  but  the  time  which  elapses  from 
the  time  the  arc  breaks  until  normal  voltage  is  restored,  is  from  hve  to 
ten  seconds. 
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At  the  receiving  station  at  Eagle  Rock  the  operator  kills  the  field  of 
condensers  at  once  by  opening  the  circuit  of  the  automatic  voltage  regu- 
lator. As  soon  as  he  sees  that  the  power  house  has  overcome  the  trouble 
and  the  voltage  is  coming  up  again,  he  closes  the  regulator  circuit. 

Governors  at  the  power  house  must  take  care  of  the  speed  when  the 
load  is  dropped.    They  always  do  this. 

For  the  remainder  of  the  system  on  those  lines  which  are  controlled  by 
automatic  circuit  breakers,  the  switches  are  closed  after  opening  on 
trouble,  and  if  the  short  circuit  or  ground  is  still  on  the  line,  the  switch 
is  left  open  and  men  sent  out  to  find  the  trouble.  Where  the  switches  are 
not  automatic,  the  above  operations  are  performed  manually. 

On  the  150,000-volt  system  from  Big  Creek,  the  troubles  are  entirely 
of  two  kinds: 

First,  trouble  arising  from  the  human  element  of  which  class  three  cases 
have  occurred. 

(a)  A  man  digging  a  well  put  in  too  heavy  a  charge  of  powder  and 
blew  some  debris  into  the  line. 

(b)  A  tree  was  left  standing  too  close  to  the  line  and  in  felling  it 
a  ground  was  caused. 

(c)  A  farmer  drove  a  hay  stacker  with  derrick  erected  at  a  height  of 
some  36  ft.  (10.9  m.)  above  the  ground  into  contact  with  the  line. 

Second,  the  other  and  more  frequent  cause  of  trouble,  of  which  some 
twelve  or  fifteen  cases  occur  each  year,  is  the  spilling  over  of  insulators  in 
the  middle  half  of  the  line.  We  have  not  been  able  to  determine  the  cause 
of  these  spillovers  or  locate  any  operating  or  climatic  coincidents  which 
would  indicate  their  origin.  They  seem  to  occur  at  all  hours  of  the  day 
and  night  and  under  all  weather  conditions,  but  are  absent  from  the  end 
quarters  of  the  line. 

Outside  of  the  150,000-volt  system,  the  greater  number  of  troubles 
occur  from  personal  interference,  either  accidental  or  malicious,  of  both 
employees  and  outsiders. 

On  a  system  containing  so  many  miles  of  lines  and  nearly  100  substa- 
tions, the  opportunities  for  misunderstandings  and  mistakes  are  many. 
This  is  intensified  by  the  fact  that  the  operation  of  the  lines  and  substa- 
tions are  under  the  control  of  three  entirely  independent  corporations. 

Another  cause  of  trouble  is  the  usual  one  of  washing  out  of  lines  during 
floods  and  similar  accidents,  depending  on  the  weather. 

A  considerable  number  of  interruptions  have  occurred  by  reason  of 
the  continued  failure  of  a  certain  class  of  pin-type  insulators  on  the 
50,000-volt  lines,  which  have  been  in  operation  about  ten  years.  There 
seems  to  be  a  continuous  depreciation  or  weakening  of  these  insulators, 
which  becomes  noticeable,  in  those  parts  of  the  line  where  the  weather 
conditions  are  most  severe. 

The  suspension  insulators  used  on  some  of  the  distributing  lines  have 
caused  a  number  of  failures,  although  careful  inspection  of  the  Big  Creek 
line  has  so  far  been  successful  in  eliminating  the  defective  insulators  in 
time  to  prevent  trouble. 

The  only  other  serious  cause  of  interruption  is  the  combination  of  sum- 
mer fog  and  dust,  causing  surface  leakage  over  the  insulator,  which  carries 
sufficient  current  to  set  the  pole  on  fire.  In  the  last  few  years,  interrup- 
tions from  this  cause  have  been  practically  eliminated  by  the  expedient 
of  electrically  connecting  the  insulator  pins,  which  are  of  iron. 
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No  complete  detailed  analysis  of  these  various  kinds  of  trouble  has  been 
made,  so  that  I  am  not  able  to  give  you  more  than  the  above  generaliza- 
tion. 

From  Mt.  Whitney  Power  and  Electric  Company, 
Mr,  Fred  G.  Hamilton,  Supt,  W.  Dtv. 

This  company  is  operating  practically  200  miles  of  33,000-volt  trans- 
mission lines.  The  lines  are  arranged  in  the  form  of  a  figure  eight  and  are 
fed  by  four  hydroelectric  and  two  steam  plants. 
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Transmission  Lines  of  Mt.  Whitney  Power  and  Electric  Co. 


The  neutral  is  grounded  on  each  hydroelectric  plant,  but  there  is  no 
ground  at  the  steam  plants  or  any  of  the  substations. 

The  elevation  of  the  hydroelectric  plants  is  practically  1150  ft.  (350  m.) 
while  the  substations  are  located  at  an  elevation  of  350  ft.  (106  m.) 

It  has  always  been  our  method  of  operation  and  we  have  no  data  upon 
non-grounded  operation.  We  have  experienced  no  particular  difficulties 
particularly  chargeable  to  the  grounded  system.     We  have  had  grounds 


678  REPORT  OF  TRANSMISSION  COMMITTEE     [June  27 

and  short  circuits  on  the  transmission  line  which  we  cleared  up  by  cutting 
out  the  faulty  section,  by  trial,  between  the  substations.  The  switching 
is  controlled  by  a  load  dispatcher  at  th^  Visalia  steam  plant. 

This  system  gives  us  very  efficient  service  and  the  worst  cases  of  inter- 
ruptions are  only  of  short  duration.  Since  our  voltage  is  comparatively 
low  and  we  have  had  no  experience  on  non-grounded  operation,  we  are 
not  in  a  position  to  give  comparative  data,  which  would  be  of  much  assis- 
tance. For  our  voltage  we  feel  that  non-grounded  lines  would  probably 
give  us  as  good  service  as  our  grounded  system. 
From  The  Toronto  Power  Company y 
Mr.  F.  G.  Clarky  Chief  Engineer, 

The  question  of  grounded  or  ungrounded  neutral  can  be  considered 
from  different  points  of  view. 

Where  drainage  of  accumulated  electrostatic  charges  is  required  to 
avoid  excessive  d-c.  potential,  grounding  is  very  effective  as  it  will  drain 
off  all  such  charges  to  earth,  while  on  ungrounded  systems  this  will  have 
to  be  taken  care  of  by  the  lightning  arresters.  This  phenomenon  is  very 
unusual  in  the  northern  part  of  this  continent,  and  is  usually  safely 
taken  care  of  by  the  lightning  arresters. 

Continuity  of  service  can  be  preserved  by  either  one  of  the  two  systems 
depending  entirely  on  local  conditions. 

Grounding  should  be  applied: 

Where  a  reliable  selective  relay  protection  is  available  cutting  out  a 
faulty  line  without  causing  a  service  interruption. 

Where  the  lines  have  to  be  operated  in  parallel  on  the  high-tension 
side  and  where  the  line  insulation  is  unreliable. 

In  this  case  grounding  will  prevent  the  spreading  of  a  breakdown  on  one 
phase  of  one  line  to  other  phases  of  another  line  thus  avoiding  a  long 
total  interruption. 

Where  this  high  ii^sulation  exists  so  that  other  phases  can  stand  momen- 
tary over-voltage  due  to  one  phase  flashing  to  ground  or  where  the  lines 
can  be  operated  sectionalized  from  the  high-tension  side,  the  spreading 
of  a  fault  from  one  line  to  another  due  to  the  momentary  voltage  rise  on 
the  sound  phases  as  occurs  on  an  insulated  system,  is  not  to  be  feared. 
Accordingly  nothing  can  be  gained  from  grounding  in  this  case.  On  the 
contrary,  grounding  may  cause  unnecessary  disturbances  and  interrup- 
tions, whenever  one  phase  only  is  affected  which  would  be  particularly 
detrimental  to  continuity  of  service  where  no  reliable  selective  relay 
protection  is  available. 

The  decision  on  the  question  of  solid  or  resistance  grounds  should  be 
guided  by  the  line  insulation  and  by  the  ability  of  the  apparatus  to  with- 
stand short-circuit  strains.  Where  low  and  unreliable  insulation  on  the 
line  is  the  prime  object  of  grounding  and  where  the  equipment  is  built 
to  resist  effectively  any  short-circuit  strains,  solid  grounds  should  be  used. 

Where,  however,  the  insulation  is  high  and  reliable  and  where  the  equip- 
ment may  be  somewhat  mechanically  weak,  a  ground  resistance  will  be 
desirable  to  reduce  the  mechanical  strain  of  single-phase  short  circuits. 

I  would  further  advise  that  our  transmission  system  from  Niagara  Falls 
to  Toronto  is  composed  of  four  circuits  operating  ungrounded  at  60,000 
volts.    The  transformers  on  either  end  are  delta  connected. 
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From  Puget  Sound  Traction  y  Light  and  Power  Company, 
Mr.  G.  E.  Quimany  Engineer,  Seattle  Division, 

The  four  hundred  odd  miles  of  high-tension  transmission  lines  of  this 
company  are  delta  connected  and  operated  without  grounds. 

It  is  our  opinion  that  probably  the  chief  advantage  of  grounding  the 
neutral  of  a  high-tension  transmission  system,  is  that  it  eliminates  most 
of  the  trouble  experienced  on  an  isolated  system  from  arcing  grounds. 
The  principal  disadvantage  of  grounding  is  that  line  trouble  more  fre- 
quently results  in  interruptions  to  service.  It  is  our  experience  that  the 
insulating  qualities  of  wood  poles  and  cross  arms  make  it  possible  to  retain 
a  line  in  service  until  the  defective  point  is  located  and  frequently  until 
arrangements  can  be  made  to  take  the  line  out  for  repairs. 

Even  insulator  failures  resulting  from  arcing  grounds  seldom  cause 
serious  service  interruptions  where  the  lines  are  carried  on  wood  poles. 

We  are  inclined  to  believe  that  where  all  important  business  is  served 
from  duplicate  transmission  lines,  the  grounded  system    is    preferable, 
but   where  single  lines  have  to  be  depended  upon  the  isolated  system 
makes  possible  greater  continuity  of  service. 
From  The  Colorado  Power  Company, 

Mr.  Norman  Read,  Asst.  General  Manager. 

The  Colorado  Power  Company  is  at  present  operating  both  its  100-kv. 
transmission  and  13-kv.  distribution  systems  connected  in  delta  and  with 
no  artificial  neutral. 

From  The  Montana  Power  Company, 
Mr.  H.  H.  Cochrane. 

This  company  operates  ungrounded,  and  believes  this  method  prefer- 
able.   Telephone  operation  is  very  satisfactory. 

The  typical  protection  for  two  transmission  lines  in  parallel  consists 
of  three-pole  overload  relays  at  the  generating  station  end  of  the  line, 
operated  by  three  current  transformers  in  each  line,  and  three-pole 
reverse-current  relays  operated  by  three  curi^nt  transformers  and  poten- 
tial transformers  in  each  line.  The  system  has  sufficient  line  charging 
current  to  trip  relays  when  one  wire  of  the  system  is  grounded. 
From  Utah  Power  and  Light  Company, 

Mr.  Markham  Cheever,  Chief  Engineer. 

From  our  principal  generating  stations  power  is  transmitted  at  130,000 
volts  to  a  central  substation  near  Salt  Lake  City.  At  this  substation  the 
voltage  is  reduced  to  44,000,  and  numerous  feeders  make  connection  with 
an  extensive  and  complicated  network  of  44,000-volt  lines.  Everything 
is  now  operated  with  neutral  ungrounded  and  we  see  no  reason  for  chang- 
ing the  130,000-volt  system,  since  up  to  the  present  time  there  have  been 
during  two  year's  operation,  practically  no  operating  difficulties. 

Upon  the  44,000-volt  system  we  are  considering  the  installation  of  a 
suitable  grounding  compensator  located  at  the  main  central  substation 
for  the  purpose  of  facilitating  automatic  sectionalizing  of  disabled  lines 
and  for  the  reduction  of  high-voltage  strains. 

Our  earlier  experience  in  this  territory  with  44,000-volt  systems  of 
moderate  sizes  indicated  the  advisability  of  operating  with  neutral  un- 
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ably  with  the  increase  of  ll.'-?  per  cent  as  obtained  by  the  use  of 
Mr.  Montsinger's  equation  (17j,  and  we  can  draw  cur\^e  A''  as  a 
possible  curve  for  the  12o-kv-a.  transformers  as  of  the  tests  made 
in  June,  1910. 

It  is  quite  probable,  therefore,  that  the  curve  E  is  somewhat 
high,  and  that  practically  all  self-cooled  oil-insulated  trans- 
formers would  give  results  within  the  range  limited  bv  cur\^es 
C  and  D. 

These   facts   show  very  clearly  that  Mr.  Mont  singer's  paper 
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has  ad\anced  us  materially  in  the  solution  of  this  problem,  but 
it  seems  hardly  advisable  for  the  following  reasons,  to  adopt 
the  recommendation  as  given  in  his  paper  whereby  his  equation 
(17j  is  to  be  used.  His  Fig.  7  shows  that  for  a  shape  factor  of  0.9, 
a  curve  that  practically  coincides  with  curve  E,  Fig.  2.  Also  it 
is  possible  that  there  may  be  conditions  governing  the  oil  cir- 
culation of  actual  transformers  different  from  those  of  the  ex- 
perimental apparatus  used  by  Mr.  Montsinger  in  obtaining  his 
results,  so  that  some  curve  between  curves  E  and  C  of  Fig.  2 
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It  makes  our  telephone  line  a  little  noisier  when  we  are  working  on 
two  line  wires  than  otherwise. 

A  general  layout  of  the  line  with  the  transformer  connections  is  shown 
herewith.  We  have  an  overload  relay  on  our  oil  switch  which  is  set  to 
trip  out  on  normal  overload,  and  we  make  use  of  the  current  to  ground 
when  we  are  using  two  line  wires. 

These  grounds  are  cleared  by  linemen  sent  over  the  circuit.    The  causes 
are  various,  but  very  frequently  can  be  traced  to  a   broken   insulator. 
I  think  no  current  flows  to  ground  through  the  ground  connection  but 
have  never  made  any  test  to  that  effect. 
From  Alabama  Power  Company, 

Mr.  W.  E.  Mitchell,  Operating  Manager. 

Our  experience  here  in  Alabama  has  caused  us  to  become  firm  advocates 
of  the  grounded  neutral  on  our  high-tension  system,  and  grounded  solidly 
without  any  resistance  whatever.  Thi»  is  based  on  about  nine  months 
of  operation  with  it  ungrounded  and  a  year's  operation  with  it  grounded. 
This  matter  is  discussed  somewhat  briefly  by  Mr.  Dewey  and  myself  in 
a  paper  which  we  read  before  the  S.  E.  Section  of  the  N.E.L.  A.  in  Septem- 
ber of  this  year.  We  found  that  our  insulator  troubles  in  the  way  of  break- 
downs and  flash  overs  were  much  worse  and  much  harder  to  locate  and 
control  when  ungrounded  than  when  grounded.  Grounded  neutrals  also 
made  it  possible  to  use  the  selective  relays  for  cutting  out  immediately 
any  section  of  line  which  might  be  in  trouble.  The  grounding  of  the  neu- 
tral turns  any  arcing  ground  immediately  into  a  phase-to-neutral  short 
circuit,  which  is  much  simpler  to  handle  and  to  relay  for  than  an  arcing 
ground  on  an  ungrounded  system. 
From  The  J.  G.  White  Engineering  Corporation, 
Mr.  C.  D.  Gray,  Asst.  Electrical  Engineer. 

My  personal  opinion  is  that  systems  up  to  about  38,000  volts  should 
be  operated  with  isolated- delta  connections,  although  this  depends  upon 
the  local  conditions  under  which  the  system  under  discussion  might  be 
connected.  For  systems  above  38,000  volts  I  believe  the  star  connection 
with  grounded  neutral  to  be  the  best,  although  in  this  case  also  the  local 
conditions  would  influence  a  decision  as  to  whether  it  should  be  star  or 
delta.  The  locality  in  which  the  line  is  to  be  operated  I  believe  has  a 
great  deal  to  do  with  it,  and  also  the  chances  of  interference  with  telephone, 
telegraph  and  other  systems  of  this  kind. 

Our  experience  has  been  that  the  delta  system  has  less  influence  on 
telephone  and  signal  circuits  than  the  grounded-neutral  connected  system. 
A  great  disadvantage  of  the  star-connected  grounded-neutral  system  is 
the  fact  that  the  circuit  breakers  are  thrown  out  on  trouble  on  any  one 
of  the  three  wires  of  the  system,  and  that  it  is  practically  impossible  to 
operate  with  one  wire  down,  or  with  one  transformer  out  of  service  in  a 
bank  of  three,  unless  the  conditions  of  grounding  are  very  favorable,  where 
as  with  the  delta  system  the  open  delta-connections  of  transformers  can 
be  used  temporarily  at  least  without  causing  a  great  deal  of  trouble. 

Another  point  in  favor  of  the  star-connected  grounded-neutral  system 
is  the  fact  that  trouble  on  the  line  can  be  located  better  by  means  of  the 
Nicholson  or  other  similar  testing  method.      The  line  insulation  has  been 
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paper  add  to  our  knowledge  of  a  ver>'  difficult  subject  but  I 
believe  much  more  of  such  work  is  necessary*  before  we  are  in  a 
position  to  make  more  than  a  recommendation  as  to  the  correc- 
tion for  barometric  pressure. 

V.  M.  Montsinger:  In  reference  to  Prof.  Sorensen's  discus- 
sion, although  the  cur\'e  which  he  considers  most  reliable  checks 
very  closely  the  results  I  obtained,  he  dc>es  nc>t  recommend  a 
correction  in  accordance  with  the  formula,  but  recom.mends  one 
correction  for  all  transformers,  which  is  slightly  less  than  the 
maximum  correction  by  the  formula.  He  states  that  it  will  take 
care  of  all  the  cases  which  come  up.  That  is  true.  My  point  is, 
however,  and  I  have  tried  to  emphasize  it,  if  we  have  only  one 
correction  factor  for  all  types  and  have  one  transf(.)rmer  for 
which  the  c<')rrection  is  only  al_)Out  7  per  cent  as  is  the  case  for 
a  tank  having  j)lain  surfaces,  for  a  difference  of  l(),(X)Oft.  in 
elevatirjn.  it  i^  not  necessary  tr)  design  this  transformer  with  a 
margin  oi  15  or  20  i)er  cent.  1  believe  that  it  is  advisable  to 
adopt  srjme  formula  that  will  take  care  of  this  ditTerence,  be- 
cause if  we  attemj)t  to  continue  to  make  one  c<'>rrection  for  all 
types  of  apparatus,  e^pecia'ly  f<.»r  stationary  and  mo\"ing  types, 
the  problem  will  still  remain  in  a  very  unsettled  condition. 

Regarding  Prof.  Sorensen's  statement  that  the  conditions  may 
nr)t  have  been  the  same,  where  1  heated  the  tanks  by  means  of 
resistance  tubes,  as  are  the  conditions  in  an  actual  transformer. 
This  may  be  true  if  we  crmsidcred  only  tlie  windings  of  the  trans- 
former and  de]>ended  on  them  (or  the  resistance  tubes)  for  com- 
parative temj>eratures.  Due  to  the  uncertainties  of  (obtaining 
accurate  resistance  mea-urements.  the  to])  or  maximum  oil  is 
usua'/jy,  for  comT»arative  ])ur]M )ses.  t]:e  better  criterion.  This 
has  l>een  used  altogether  in  comparing  oV)served  with  calculated 
values.  In  order  then  that  this  means  of  heating  the  tanks 
anect  the  accuracy  ^..f  the  readings  as  compared  with  an  actual 
transformer,  it  would  be  necessary  that  the  tem]>erature  gra- 
dient of  the  oil.  as  alTected  by  barometric  pressure,  change  more 
under  the  one  condition  than  under  the  c>ther  condition.  There 
does  not  seem  to  be  any  lo^^ical  reason  why  this  should  be  the 
case. 

I  agree  with  Mr.  (}ray  that  it  is  very  ]:ard  to  obtain 
an  accurate  law  cr)vering  the  effect  of  barometric  ])ressure 
on  heating,  because  in  j)ractise  this  correction  is  usually 
small  and  there  are  always  err(.»rs  which  are  lia]»le  to  creep  in. 
For  that  reason  I  dr)  not  think  wc  should  base  any  conclusions 
on.  say  r)ne  test.  For  my  observatirms,  there  were  three  different 
te^ts  made  on  each  style  of  tank.  An  examination  of  the  tab- 
ulation r)f  the  result <  will  <how  that  although  the  tests  vary 
slightly,  which  is  to  be  ex]>ected.  there  are  no  large  variations. 
This  would  indicate  that  the  method  o\  making  the  tests  was 
considerably  more  accurate  than  the  meth(.>d  usually  used  in 
j)ractise. 

It  is  under  any  condition,  a  difficult  matter  tc»  se]>arate  radia- 
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tion  from  convection,  but  the  law  for  radiation  has  b^en  fairly 
definitely  settled  and  convection  follows  somewhat  the  same 
law,  but  for  smooth  surfaces  the  problem  is  not  as  difficult  as 
it  would  be  if  we  attempted  to  separate  the  losses  from  moving 
machinery.  For  the  latter  condition,  the  surfaces  are  more  irreg- 
ular and  we  do  not  know  the  laws,  as  a  whole,  under  which  the 
heat  is  thrown  out  from  the  machine  into  the  air. 
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9000-volt,  25-cycles,  3-phase  cables  undg.  485  miles  (781  km.) 
20000     «     25-     **       3-    «  «  «         83     "       (132  km.) 

12000     «     60-     «       3-    «  -  «     J168     «      (254  km.) 

726 

2300/ 4000- volt,  60-cycle  single  conductor  equivalent  underground  1518 

(2444  km). 
2300/4000-volt,   60-cycle  single   conductor   equivalent   overhead    7850 

(12638  km.) 

The  reason  for  stating  the  last  two  in  conductor  miles  is  that 
there  are  a  considerable  number  of  single-phase  branches  con- 
nected to  the  three-phase  four-wire  circuits.  In  such  cases  and 
also  on  some  other  circuits  single-conductor  instead  of  three- 
conductor  cable  is  used. 

The  25-cycle  9000-volt  system  is  supplied  by  turbo-generators 
ranged  in  capacity  from  12,000  to  30,000  kw.  This  system  is 
divided  into  sections,  so  that  the  generator  capacity  connected 
to  the  largest  section  does  not  exceed  80,000  kw.  Three  of  these 
sections  are  interconnected  by  tie  lines  with  protective  reactance 
coils,  while  the  fourth  section  is  connected  to  the  system  by 
means  of  underground  tie  lines  about  8.3  miles  (13.4  km.) 
long  without  reactance  coils.  Our  standard  practise  is  to  have 
the  neutral  grounded  on  one  turbo-generator  of  each  of  the  four 
sections.  The  neutrals  are  grounded  through  iron-grid  rheostats 
having  a  resistance  of  2J  ohms.  One  of  these  rheostats  is  pro- 
vided for  each  system  section,  and  is  connected  between  ground 
and  a  neutral  bus,  which  can  be  connected  by  means  of  an  oil 
circuit  breaker  to  the  neutral  of  any  turbo-generator  on  that 
system  section. 

The  neutrals  of  the  12, 000- volt  60-cycle  turbo-generators 
are  grounded  in  a  similar  manner  through  iron-grid  rheostats 
having  a  resistance  of  three  ohms. 

The  energy  for  the  2000-volt  25-cycle  system  is  supplied 
by  means  of  three  5000-kw.  three-phase  transformers  stepping 
up  from  9000  to  20,000  volts.  The  primary  is  delta  and  the 
secondary  is  star  connected  with  the  neutral  of  all  three  trans- 
formers grounded  solid. 

The  2300/4000-volt  60-cycle  system  is  supplied  by  25-  to 
60-cycle  frequency  changers  and  1200-volt  to  4000-volt  three- 
phase  transformers.  The  transformers  are  delta  on  the  primary 
and  star  connected  on  the  secondary.  The  neutrals  of  the  60- 
cycle  generators  and  of  the  frequency  changers  are  all  connected 
solid  to  ground,  and  the  same  is  true  of  the  neutrals  of  all  of  the 
transformer  secondaries. 

The  experience  with  grounded  neutral  on  the  above  systems 
has  been  very  satisfactory,  the  principal  benefits  having  been  the 
following  : 

1.  It  insures  the  prompt  automatic  disconnection  of  any 
faulty  feeder. 

2.  It  prevents  the  existence  of  delta  voltage  to  ground   on 
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trolling  them  would  be  better  made  non-automatic;  however, 
with  such  an  arrangement,  in  case  a  short  circuit  or  a  ground 
should  occur  within  the  generator,  the  service  would  be  seriously 
disturbed  until  the  operator  could  open  the  switch  by  hand, 
and  there  would  also  be  a  possibility  of  the  generator  being  seri- 
ously damaged  if  not  destroyed. 

Fig.  1  illustrates  an  ideal  scheme  for  the  protection  of  genera- 
tors. The  generator  is  three  phase,  but  in  describing  the  scheme 
we  need  only  consider  a  single  phase  as  the  action  of  the  others 
will  be  the  same.  At  each  extremity  of  phase  A  there  is  a  cur- 
rent transformer,  transformer  A\  being  near  the  oil  switch  and 
transformer  A2  being  in  this  case  near  the  neutral,  so  that  any 
current  passing  completely  through  phase  A  will  produce  in  the 
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secondaries  of  the  two  transfonncrs,  currents  that  are  exactly 
equal  and  in  j)hase,  the  transfonncrs  having  equal  ratios  and 
connected  so  that  their  secondaries  will  work  in  series  with  their 
instantaneous  voltages  in  the  same  direction.  Then  if  a  relay 
such  as  /1 3  is  connected  with  its  actuating  coil  between  the  two 
wires  connecting  the  transfonncrs,  and  its  contact  circuits  con- 
nected to  both  the  trip  coil  of  the  switch  in  the  armature  circuit 
and  the  trij)  coil  of  the  switch  in  the  field  circuit,  the  terminals 
of  the  actuating  coil  of  the  relay  will  always  be  at  the  same  poten- 
tial as  long  as  tliere  is  no  leakage  of  current  in  the  winding  of 
phase  A,  regardless  of  the  load  on  the  generator  or  whether  it  is 
operating  as  a  generator  or  motor.  Therefore,  as  long  as  there 
is  no  trouble  in  the  generator,  no  current  will  flow  through  the 
coil  of  the  relay  and  there  will  be  no  tendency  to  trip  the  switch, 
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veloped  the  situaton  has  undergone  different  modifications,  so 
that  in  some  places  one  and  at  other  times  the  other  connection 
has  seemed  desirable. 

Transmission  systems  have,  as  a  rule  become  high-tension 
distributing  systems,  and  the  network  of  overhead  wires  has 
become  greatly  extended  and  the  load  situation  much  more 
complicated.  The  important  question  of  operating  so  as  to 
deliver  continuous  service  has  brought  about  the  development 
of  automatic  relays,  so  that  disturbances  may  be  instantly 
localized.  For  this  purpose  the  use  of  the  grounded  Y  has 
many  decided  advantages  and,  in  most  cases,,  at  the  present 
time  is  to  be  recommended. 

N.  A.  Carle:  The  preponderance  of  opinion  seems  to  be  against 
the  grounded  system.  We  in  New  Jersey  have  a  lot  of  trans- 
mission lines  there,  and  have  an  ungrounded  system  which 
is  very  satisfactory. 

J.  T.  Lawson:  The  system  mentioned  by  Mr.  Carle  operates 
at  60  cycles,  13,200  volts  with  an  ungrounded  neutral,  and  is 
equipped  with  an  arcing  ground  suppressor. 

Mr.  Rushmore,  if  I  understood  him  correctly,  brought  out 
the  point  of  non-interruption  to  service  on  a  grounded  neutral 
system.  With  an  ungrounded  system  equipped  with  an  arcing 
ground  suppressor,  I  think  you  come  closer  to  this  condition 
than  without  the  use  of  the  suppressor.  Instead  of  having  a 
cable  open  at  both  ends  thus  shutting  off  the  service,  with  the 
arcing  ground  suppressor  it  is  possible  to  leave  the  grounded 
cable  in,  parallel  it  with  another  cable,  or  take  it  out,  with  no 
interruptions  to  service. 

The  action  of  circuit-opening  relays,  possibly,  with  the  groimd- 
ed  system  may  be  more  satisfactory,  but  with  single-phase  arcs 
to  ground  I  do  not  see  where  fine  relay  adjustment  is  necessary 
if  the  arc  is  extinguished  before  it  has  a  chance  to  develop  into  a 
short  circuit. 

David  B.  Rushmore:  My  remarks  applied  mainly  to  high- 
voltage  systems,  100,000  volts  and  over. 

John  B.  Taylor:  The  detailed  experiences  contributed  on 
operation  of  three-phase  transmission  systems  with,  and  also 
without,  neutral  grounded,  are  of  interest  and  value.  The  com- 
mittee's conclusion  that  for  different  cases,  grotmding  *'may  be 
an  advantage  in  some  and  a  disadvantage  in  others", — is  quite 
in  agreement  with  previous  discussions  of  the  same  question. 

N.  A.  Carle:  We  have  a  balanced  potential  relay,  and  the 
unbalancing  of  one  phase  to  ground  puts  that  cable  out  of 
business,  and  we  simply  get  it  afterwards  on  tests,  and  another 
cable  goes  in. 

John  B.  Taylor:  You  determine  that  unbalancing,  I  assume 
by  an  arrangement  of  potential  transformers  connected  to  your 
bus  bars  and  also  connected  to  ground,  which  means  that  your 
system  is  grounded, — you  have  a  neutral  ground  on  the  system, — 
that  neutral  ground  is  made  on  relatively  small  potential  trans- 
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relays  should  be  provided,  and  when  there  are  synchronous 
motors  on  the  system,  special  features  should  be  incorporated 
in  their  design. 

To  assist  in  the  detail  description  of  this  system  in  practise, 
Fig.  4  is  shown,  which  for  practical  purposes  illustrates  the  sys- 
tem as  it  has  been  successfully  used  by  the  Consolidated  Gas 
Electric  Light  and  Power  Company,  of  Baltimore,  for  the  past 
three  years.     A  motor  M  is  connected  through  a  train  of  gears 
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to  a  dial  switch  A  in  sucli  a  way  that  when  the  motor  is  in  opera- 
tion the  dial  makes  one  complete  revolution  in  one  minute  which 
is  the  time  required  for  one  cycle  of  operation  of  the  system. 
The  motor  is  set  in  operation  in  response  to  either  of  the  relays, 
1,  2  or  3  which  are  connected  to  current  transformers  in  the 
annature  leads  of  at  least  one  generator  that  is  in  operation  on 
the  system  to  be  protected.  These  relays  are  connected  to 
transformers  in  the  generator  leads  rather  than  in  any  other 
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part  of  the  system  for  the  reason  that  they  will  then  always  be 
subjected  to  the  same  current  during  a  short  circuit  regardless 
of  the  number  of  generators  in  service,  whereas,  if  they  were 
placed  in  the  outgoing  circuits  they  would,  during  a  short  cir- 
cuit, be  subjected  to  a  current  that  would  be  in  proportion  to  the 
number  of  generators  in  service  at  the  time.  The  action  of  the 
relays  to  start  the  motor  is  delayed  by  a  definite-time-limit  relay 
4  for  two  seconds  in  order  or  give  certain  of  the  selective  relays 
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all  of  our  troubles  originate  in  the  overhead  system  and  set  up 
arcs  in  the  groimds  which  break  down  the  cable  system.  I 
think  where  the  system  is  entirely  cable  probably  that  trouble 
would  be  eliminated,  but  we  have  a  great  deal  of  trouble  from 
arcing  grounds  originating  in  the  overhead  system,  which  set 
up  voltage  disturbances,  and  in  turn  break  down  the  cable 
system.  We  have  decided  to  adopt  a  grotmded  neutral  on  the 
theory  that  saving  the  cable  is  more  important — the  downtown 
system  is  all  underground —  than  maintaining  continuous  ser- 
vice on  the  overhead  system. 

So  far  we  have  never  had  a  case  in  five  years  where  we  have 
been  able  to  operate  the  system  with  one  phase  of  the  overhead 
grounded.  That  seems  to  be  the  main  recommendation  for 
the  three-phase  system,  and  I  would  be  interested  to  know  if 
there  are  many  examples  on  record  where  the  three-phase 
system  is  actually  operated  and  profitably  operated,  when  one 
phase  was  temporarily  grounded, — that  is  an  arcing  ground 
starts  and  creates  such  a  disturbance  that  it  puts  us  out  of 
business  until  we  have  isolated  the  defective  line. 

Fred  L.  Hunt:  I  can  tell  you  of  a  66,000-volt  three-phase 
circuit  which  within  the  last  month  operated  three  hours  carry- 
ing a  4000-kw.  load  with  one  wire  broken,  the  two  ends  of  the 
broken  wire  being  about  150  feet  apart  on  the  ground.  The 
load  was  carried  in  this  way  until  a  steam  plant  could  be  pressed 
into  service  to  relieve  the  line. 

L.  N.  Crichton:  Mr.  Stone's  remarks  remind  me  of  a  case 
where  the  records  of  a  transmission  company  covering  a  period 
of  several  years'  operation  were  studied,  and  only  two  cases 
found  where  power  was  supplied  with  one  wire  on  the  ground, 
and  even  in  these  cases  the  service  was  finally  interrupted  before 
the  ground  was  located.  An  interruption  is  not  caused  by  the 
ground  itself  but  by  the  disturbances  which  it  creates,  a  single 
ground  often  causing  several  insulation  failures  at  widely  sepa- 
rated points  on  the  system.  The  principal  difficulty  in  the  case 
of  an  undgrounded  neutral  system  is  that  you  can  not  locate 
an  accidental  ground,  the  only  way  of  doing  it  on  a  system  of 
any  size  being  by  cut  and  try  methods,  which  with  the  telephone 
out  of  service  is  a  difficult  job,  and  the  chances  are  good  that 
before  you  get  through  with  the  process  you  will  interrupt  prac- 
tically the  entire  system. 

Now  this  applies  only  to  large  systems,  say  a  45,000-volt 
system,  having  1,000  or  possibly  1,500  miles  of  line.  With  a 
small  system,  no  matter  what  the  voltage  may  be,  or  with  a 
simple  system,  say  only  two  parallel  lines,  with  a  substation  on 
one  end  and  a  generating  station  on  the  other  end,  the  chances 
of  operating  with  one  wire  grounded  are  very  good.  The  reason 
why  the  large  system  suffers  more  than  the  small  one  is  not 
because  the  voltage  strains  are  greater  but  because  there  are  more 
weak  points  which  are  liable  to  be  damaged.  As  a  rule,  these 
weak  points  occur  in  apparatus  rather  than  on  the  lines,  there- 
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fore,  the  amount  of  apparatus  connected  to  the  system  is  of 
more  importance  than  the  number  of  miles  of  circuit.  If  the 
neutral  is  grounded  the  voltage  strain  will  be  reduced  so  that 
the  disturbance  will  not  cause  such  widespread  damage  and 
every  ground  will  be  promptly  disconnected  by  the  automatic 
circuit  breakers. 

R.  F.  Schuchardt:  I  suggest  that  Mr.  Hunt  tell  us  in  connec- 
tion with  the  case  he  cited,  something  as  to  the  nature  of  the 
soil  the  wires  fell  on,  whether  it  was  in  wet  grass,  or  sandy 
soil,  or  what  the  character  of  the  soil  was. 

Fred  L.  Hunt:  It  was  in  the  Connecticut  valley,  in  western 
Massachusetts,  in  sandy  soil.  The  grass  and  brush  in  the 
vicinity  were  set  on  fire  and  we  were  notified  of  the  trouble  by 
a  farmer  who  said  his  field  was  on  fire.  The  wire  fence  around 
the  field  seemed  to  be  charged  and  showed  signs  of  heavy  static 
discharges. 

E.  T.  Street:  We  have  operated  13,000-volt  Unes  with  one 
wire  on  the  ground,  supplying  power  to  our  substations  until 
we  were  able  to  switch  over  to  another  line.  It  has  been  my 
observation  when  we  have  had  lines  on  the  ground — we  have 
had  two  wires  down  within  one  foot  or  eighteen  inches  of  the 
other  on  sandy  soil — that  the  breakers  would  stay  in.  With 
the  ungrounded  system  we  can  have  wires  down  without  causing 
any  interruption  to  our  system  as  a  whole. 

Harold  Goodwin,  Jr.:  As  to  whether  the  New  Jersey  system 
is  a  grounded  neutral  system  or  not,  it  seems  that  the  committee 
might  do  the  members  of  the  Institute  a  service  by  defining  for 
future  discussion  whether  we  shall  consider  such  a  system  as 
grounded  or  not. 

W.  A.  Carter:  We  had  a  case  where  one  wire  came  down 
on  a  100.000-volt  transmission  line.  We  buy  our  power  from 
the  Colorado  Power  Company.  The  power  station  was  about 
thirty-five  miles  away.  With  one  wire  carrying  current  through 
the  ground  at  the  broken  span  we  were  able  to  get  several  thou- 
sand kilowatts,  which  added  to  the  load  carried  by  our  steam 
plant  was  sufficient  to  carry  our  evening  peak  load. 

Bernard  Price:  The  scheme  with  which  I  am  connected  is 
controlled  by  two  power  companies,  viz.,  The  Victoria  Falls 
&  Transvaal  Power  Co.  Ltd.,  and  the  Rand  Mines  Power  Supply 
Co.,  Ltd.,  the  latter  being  a  subsidiary  of  the  former.  For  present 
purposes  the  transmission  and  distribution  systems  of  the  two 
concerns  may  be  treated  as  one  because  they  are  inter-con- 
nected and  are  operated  as  one  system.  The  district  is  at  an 
altitude  of  nearly  6,000  feet  above  sea  level  and  is  prone  to  severe 
lightning  storms  during  at  least  six  months  out  of  the  twelve 
and  the  major  portion  of  the  system  is  overhead. 

For  a  system  of  our  type,  it  is  unquestionably  wise  to  earth 
the  neutral.  Instances  have  arisen  where  a  certain  portion  of 
the  system  has  become  insulated  from  earth  during  a  lightning 
storm  and  the  result  has  always  been  a  very  large  increase  in  the 
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number  of  faults.  Whilst  I  realize  that  each  scheme  should  be 
dealt  with  on  its  merits,  I  find  it  most  difficult  to  conceive  any 
overhead  network  in  a  lightning  district  which  would  not  benefit 
by  an  earthed  neutral. 

Our  experience  of  running  the  system  with  the  neutral  grounded 
has  been  most  satisfactory  and  has  shown  conclusively  the  ad- 
vantages to  be  derived  from  such  grounding  on  a  system  of  the 
type  in  question.  In  the  early  stages  of  development  of  the 
scheme,  the  system  was  run  with  an  insulated  neutral  and  the 
change  to  a  grounded  neutral  removed  many  of  the  difficulties 
which  we  had  encountered.  Since  the  neutral  was  grounded 
instances  have  occurred  where  a  portion  of  the  system  has  become 
insulated  at  the  neutral  during  a  lightning  storm  and  on  such 
occasions  a  largely  increased  number  of  flash-overs  has  occurred. 

Before  the  system  was  earthed,  any  line  fault  produced  heavy 
surging  with  consequent  flash-over  from  live  conductors  to 
iron  work  at  various  points  in  the  switchgear  and  arrester  gear. 
Since  the  neutral  has  been  earthed,  these  troubles  have  vir- 
tually disappeared.  When  the  system  was  insulated  a  fault 
from  one  phase  to  earth  did  not  operate  the  automatic  cut-outs 
but  caused  the  arrester  gear  to  discharge  continuously.  This 
continuous  discharging  heated  the  water  resistances  which  are 
connected  in  series  with  the  horn  gaps  of  the  arresters  and  as  a 
consequence  the  discharge  at  the  horn  gaps  became  increasingly 
vicious  until  finally  something  had  to  give  way.  Frequently 
the  arc  at  the  horn  gaps  jimiped  to  neighboring  iron  work,  thus 
producing  a  short  circuit  through  the  original  fault.  Great 
trouble  was  also  experienced  due  to  flash-overs  at  points  on 
switch-gear  and  apparatus  caused  by  the  surging  produced  by  an 
arcing  ground  at  the  original  fault. 

By  grounding  the  neutral  the  automatic  cut-outs  were  able 
to  instantaneously  isolate  the  initial  fault.  Lightning  arrester 
gear  was  no  longer  called  upon  to  continuously  discharge  and 
flash-overs  on  switchgear  connections  and  apparatus  became  a 
negligible  quantity. 

It  is  of  course  essential  that  each  separate  section  of  the  system 
shall  be  separately  grounded  and  provision  must  be  made  to 
ensure  that  when  portions  of  the  system  become  automatically 
isolated  from  other  portions,  they  still  remain  grounded. 

The  grounding  of  the  neutral  is  the  only  means  we  adopt  for 
preventing  a  static  rise  of  potential.  In  the  dry  season,  during 
which  winds  are  prevalent,  serious  rises  of  pressure  would  no 
doubt  occur  if  the  neutral  of  the  system  were  insulated  but  we 
have  experienced  no  trouble  in  this  respect  since  the  neutral 
was  grounded. 

As  already  mentioned,  the  benefits  which  have  been  derived 
from  the  grounding  of  the  neutral  have  not  been  solely  due  to 
such  grounding  but  have  really  been  the  result  of  the  combination 
of  a  grounded  neutral  with  the  adoption  of  differential  relays 
controlling  the  cut-outs. 
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With  r^ard  to  the  points  at  which  grounding  should  be  intro- 
duced, we  have  found  that  generally  main  generating  stations 
serve  the  purpose  quite  satisfactorily,  the  advantages  bdng  as 
follows: 

1.  The  grounding  being  at  the  source  of  supply  there  is 
a  minimunr  length  of  line  between  the  fault  and  the  source  of 
supply,  thus  decreasing  the  total  impedance  to  earth  and  in  the 
case  of  a  large  network,  this  factor  becomes  important.  In  some 
cases  it  may  be  found  necessar>'  to  introduce  more  than  one 
ground  so  as  to  compensate  for  the  high  impedance  of  the  lines 
where  these  are  unusually  long.  In  practise  we  have  found  this 
to  be  the  case. 

2.  The  grounding  resistance  being  at  generating  stations, 
is  subject  to  constant  supervision  and  thus  is  Hable  to  be  kept 
in  a  more  eflScient  condition  by  routine  inspection  and  overhaul, 
and  moreover,  can  be  repaired  quickly  in  case  of  breakdown  with 
a  minimum  cost. 

3.  If  the  step-up  transformers  at  the  station  be  designed 
with  delta-star  connections  (the  low  tension  in  delta\  then 
grounding  can  be  easily  accomplished  (without  the  expense  of 
installing  a  special  earthing  transformer),  by  earthing  the  star 
point  of  the  high-tension  side. 

On  the  question  as  to  whether  a  resistance  should  be  inserted 
in  the  neutral  connection,  it  may  be  argued  that  if  the  neutral 
is  grounded  without  a  resistance,  the  pressure  rise  to  earth  on 
the  two  healthy  phases  (assuming  one  phase  is  earthed  through 
insulator  breakdown  or  other  cause)  is  reduced  to  a  minimum. 
Grounding  solidly,  however,  results  on  a  fault  from  one  phase 
to  earth,  in  the  production  of  a  dead  short  circuit  with  con- 
sequent danger  to  switchgear  and  other  apparatus.  The  prin- 
ciple we  have  adopted  is  to  insert  resistance  of  a  value  as  low  as 
safely  possible,  having  in  view  the  condition  that  the  current 
flowing  to  any  fault  must  be  ample  for  operating  the  automatic 
cut-outs.  In  this  connection  it  may  be  found  necessary  to  lower 
the  value  in  order  to  compensate  for  the  high  impedance  of  long 
lines  as  previously  explained  or,  what  amoimts  to  the  same 
thing,  to  instal  another  grounded  resistance  at  some  other  point 
on  the  particular  section  of  the  system.  For  example,  the  ground 
resistance  of  the  Brakpan  20,(X)0-volt  overhead  network  is  14 
ohms  and  quite  satisfactory  results  have  been  obtained  in  practise, 
but  in  the  case  of  the  Bantjes  20,000-volt  overhead  network  it 
has  been  found  necessary  to  have  two  separate  grounding  points 
each  of  14  ohms  and  about  13  miles  apart.  Originally  only  one 
ground  resistance  was  provided  at  Bantjes  distribution  station 
(see  Fig.  1)  and  the  experiment  was  tried  of  reducing  the  resis- 
tance until  ultimately  this  was  brought  down  to  8  ohms.  No 
marked  improvement  was  however  effected  owing  to  the  high 
impedance  of  the  lines  between  Bantjes  and  Luipaardsvlei  and 
finally,  another  grounded  resistance  was  installed  at  West  Rand 
No.  2.    Although  no  trouble  has  since  been  experienced,  we  are 
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awaiting  the  results  of  another  lightning  season  before  forming 
a  definite  opinion. 

In  regard  to  the  construction  of  the  resistance,  our  experience 
is  confined  to  two  types,  viz.,  metallic  grid  resistances  and  water 
resistances  and  has  shown  that  water  resistances  are  undoubtedly 
preferable  to  the  metallic  type.  The  latter  are  liable  to  bum  out 
in  the  case  of  a  sustained  fault  on  the  system,  e.  g.  high  resistance 
fault  to  earth.     This  results  in  great  inconvenience  especially 
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Fig.  1 — Diagram  Showing  Sectionalization  of  System  of 

3-Phase 

if  it  occurs  at  the  commencement  of  a  lightning  storm,  as  the 
benefit  of  the  grounded  neutral  is  thereby  eliminated  for  the 
remainder  of  the  storm.  We  have  experienced  no  trouble  with 
the  water  resistances  but  care  must  be  taken  to  ensure  a  suffi- 
cient body  of  water  and  also  to  provide  for  a  large  metallic  surface 
on  the  entering  terminal  so  as  to  prevent  undue  heating  and 
possible  boiling  of  the  water.  The  water  resistance  we  use  con- 
sists of  a  large  tank  about  7  ft.  high  and  12  ft.  in  diameter  having 
a  submerged  terminal  of  considerable  area  suspended  from  an 
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with  the  differential  system  of  automatic  cut-outs  has  greatly 
reduced  the  insulator  troubles. 

It  must  be  remembered  that  the  majority  of  our  insulator 
troubles  are  caused  by  lightning  and  as  the  system  is  subjected 
for  nearly  six  months  in  the  year  to  very  severe  lightning  effects, 
the  matter  is  of  much  importance!  Owing  to  the  combined 
action  of  the  earthed  neutral  and  the  instantaneous  operation 
of  the  differential  relays  the  lines  which  trip  out  due  to  lightning 
flash-overs  are  in  the  majority  of  cases,  fit  to  clo§e  it  again, 
because  the  arc  at  the  insulator  has  not  had  time  to  permanently 
damage  the  insulator. 

Moreover,  we  find  that  the  niunber  of  insulator  faults  is  con- 
siderably increased  if  the  system  be  run  during  a  severe  storm 
with  the  neutral  ungrounded,  due  no  doubt  to  the  secondary 
surging  which  is  set  up  finding  out  the  weaker  insulators. 

Our  experience  is  that  no  (disturbance  to  telephones  is  produced, 
providing  the  windings  of  the  earthing  transformer  are  star-delta. 
We  find  that  we  can  safely  ground  the  neutral  at  two  distant 
points  with  only  a  small  interchange  of  current  and  no  secondary 
effects. 

If  the  system  is  not  earthed  through  a  star-delta  transformer 
very  violent  disturbances  are  produced  on  all  telephone  circuits 
in  the  neighborhood  of  the  transmission  lines. 

Fig.  1  shows  the  electrical  layout  of  the  high-tension  lines  and 
apparatus  and  also  the  location  of  all  protective  devices,  current 
limiting  reactances  and  points  of  earthing. 

It  will  be  seen  that  the  whole  system  is  subdivided  into  a 
number  of  separate  networks  each  laid  out  on  the  ring-main 
principle,  thus  ensuring  at  least  a  duplicate  supply  to  every 
consumer  over  divergent  routes. 

Practically  all  lines  afe  equipped  with  Merz-Price  differential 
gear  but  main  feeding  points  and  certain  sectionalizing  points 
are  equipped  with  difinite  time-limit  overload  relays,  also  nearly 
all  generators  and  all  transformers  are  differentially  protected. 

Our  experience  has  clearly  demonstrated  the  remarkable  dis- 
criminating qualities  of  the  differential  method  of  protection 
and  owing  to  its  simplicity  and  rapidity  of  action,  every  piece  of 
faulty  apparatus,  whether  it  be  a  line  transformer  or  generator, 
is  instantaneously  isolated  with  minimum  disturbance  to  the 
system.  It  is  a  feature  of  this  method,  however,  that  individual 
pieces  of  apparatus  are  separately  protected  and  as  a  consequence 
a  fault  on  the  busbars  does  not  come  within  the  control  of  the 
differential  relays.  Such  faults  are  or  should  be  extremely  rare 
but  in  order  to  limit  their  effect  upon  supply,  the  networks  are 
divided  up  into  sections,  each  section  being  tmder  the  control  of 
definite- time-limit  relays  at  the  points  where  it  is  fed  and  where 
it  is  inter-connected  with  neighboring  sections.  Inverse-time- 
limit  overload  relays  are  in  use  at  a  few  points  where  discrimina- 
tion with  other  relays  is  not  required.  Our  experience  has  proved 
that  on  a  large  power  system  such  relays  are  of  little  value  as 
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a  discriminating  device.  Reverse-current  relays  are  in  use  on  a 
few  points  such  as  generators  not  provided  with  differential 
protection  and  isolat^  lines  not  forming  a  part  of  a  ring-main 
network  and  not  differentially  protected. 

It  will  be  noticed  in  Fig.  1  that  the  setting  of  the  definite-time- 
limit  overload  relays  at  different  points  on  a  network  is  such  that 
under  heavy  fault  conditions  the  network  is  automatically  sec- 
tionalized,  each  section  capable  of  a  separate  existence,  i.  e.,  each 
of  these  sections  has  sufficient  feeders  to  deal  with  its  particular 
loading.  These  conditions  apply  to  the  worst  type  of  fault, 
namely,  a  busbar  fault  at  a  substation,  all  feeder  faults  being 
dealt  with  instantaneously  by  differential  protection  and  with- 
out operating  overload  relays  at  other  points. 

In  the  event  of  a  sustained  fault  on  consumer's  premises  the 
substation  transformers  are  tripped  off  by  the  simple  device  of  a 
small  fuse  inserted  in  the  secondary  circuits  of  the  differential 
relays.  This  fuse  blows  with  small  time  element  and  brings  the 
instantaneously  acting  differential  relay  into  operation  thereby 
tripping  the  transformers  without  operating  overload  relays  at 
other  points  on  the  system.  Faults  of  this  kind  frequently  occur 
and  the  supply  to  the  consumer's  fault  is  always  isolated  without 
affecting  the  supply  to  others. 

We  use  the  current  flowing  to  ground  at  the  neutral  connection 
to  indicate  when  a  fault  to  earth  occurs.  For  this  purpose  a 
recording  ammeter  is  connected  to  the  secondary  side  of  a  cur- 
rent transformer  in  the  earth  connection.  The  results  obtained 
are  purely  qualitative. 

From  tests  taken  with  the  oscillograph,  we  have  found  that 
under  normal  operation  the  magnitude  of  the  current  flowing  to 
earth  through  the  neutral  is  relatively  small  and  of  no  practical 
importance. 

We  have  also  found  that  with  the  neutral  earthed  simultane- 
ously at  two  different  points,  the  interchange  of  current  is  not 
appreciable  enough  to  be  serious.  For  example  on  the  40,000- 
volt  system  with  the  neutral  earthed  at  Simmerpan  through 
28  ohms,  the  r.m.s.  value  of  the  current  was  found  to  be  about 
1  ampere  and  the  current  flowing  through  the  neutral  of  the 
Simmerpan  10,000-volt  network  (neutral  resistance  7  ohms.) 
less  than  0.2  amperes. 

The  oscillogram  of  the  former  showed  the  presence  of  at  least 
the  13th  harmonic  and  the  latter  showed  the  presence  of  at  least 
the  23rd  harmonic. 

With  the  neutral  of  the  40,000- volt  system  earthed  at  two 
distant  points,  we  found  the  presence  of  a  comparatively  large 
amount  of  even  harmonics,  the  6th  being  predominant  and  over 
20  per  cent  of  the  fundamental  in  value  and  in  phase  with  it. 

The  following  is  a  short  description  of  the  various  types  of 
relays  in  use  on  the  system : 

Differential  Relay.  This  device  as  used  on  our  system  is  a 
three-phase  three-pole  relay  consisting  essentially  of  a  three- 
pole  armature  rotating  in  a  three-pole  field  system. 
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The  latter  is  energized  from  the  secondary  side^  of  the  differen- 
tial protective  current  transformers  and  causes  the  movement 
of  the  armature. 

The  armature  in  its  rotation  releases  a  weighted  contact  arm 
which  closes  the  switch-tripping  circuit. 

Definite-Time-LimU  Overload  Relay.  This  relay  is  made  in 
two  parts,  one  part  consisting  of  an  overload  relay  and  the  other 
comprising  the  definite-time-limit  mechanism. 

The  overload  relay  is  similar  in  design  to  the  three-pole  dif- 
ferential relay,  excepting  that  the  impedance  of  the  coils  is  much 
greater. 

The  definite-time-element  portion  commences  to  operate  when 
a  d-c.  circuit  is  closed  by  the  overload  portion  which  starts  the 
clock-work  mechanism.  After  the  pre-determined  time  has 
elapsed  the  relay  closes  the  switch- tripping  circuit. 

Inverse'Time'Limit  Overload  Relay.  This  relay  is  of  the  ordinary 
induction  type  instrument  and  the  armature,  consisting  of  the 
usual  metal  disc,  rotates  in  a  field  system  energized  by  the  secon- 
dary circuit  of  the  line  current  transformers.  The  relay  is 
single  phase  and  three  are  required  for  full  protection. 

The  time  element  is  obtained  by  var5ring  a  tension  spring  con- 
trolling the  armature. 

Reverse- Current  Relay.  The  reverse-current  relay  (or  more 
correctly  reverse-power  relay)  is  exactly  similar  in  construction 
and  operation  to  the  inverse- time-limit  overload  relay  excepting 
that  it  has  pressure  coils  in  addition. 
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EFFECT  OF  BAROMETRIC  PRESSURE  ON  TEMPERATURE 
RISE  OF  SELF-COOLED  STATIONARY 
INDUCTION  APPARATUS 


BY  V.  M.  MONTSINGER 


Abstract  of  Paper 
The  paper  falls  logically  into  three  divisions:  (1)  A  general 
review  of  the  principal  laws  of  the  dissipation  of  heat, — radia- 
tion, conduction  and  convection.  (2)  the  development  of  a 
simple  formula  for  the  effect  of  altitude  on  the  cooling  of  surfaces 
of  different  shapes,  and  (3)  a  general  discussion  of  the  method  of 
conducting  experimental  observations  at  different  altitudes,  on 
three  different  shaped  surfaces. 

1.  The  first  division  is  principally  historical  in  that  the  most 
reliable  data  is  given  as  found  from  former  laboratory  investiga- 
tions, to  determine  (a)  the  laws  of  heat  dissipation  and  (6)  the 
effects  of  various  factors  on  these  laws.  This  is  given  as  a 
preparatory  step  to  determining  the  formula  in  division  2. 

2.  It  is  shown  in  the  second  division  that,  where  the  loss  by 
convection  varies  as  the  1.25  power  of  the  temperature  rise  and 
as  the  0.5  power  of  pressure,  the  "  temperature  rise  "  varies  as 
the  0.4  power  of  pressure.  It  is  then  shown  that  the  temperature 
rise  increases,  in  going  from  a  lower  to  a  higher  altitude,  at  a 
uniform  rate  of  about  5  per  cent  for  each  1000  meters  change  in 
elevation. 

Since  this  applies  only  to  loss  of  heat  by  convection,  a  correc- 
tion factor  is  added  to  reduce  this  effect  when  radiation  (same  in 
vacuo  as  in  gas)  enters  into  the  dissipation  of  heat.  This  factor 
is  first  expressed  in  percentage  of  convection  loss  to  total  loss, 
and  then  expressed  in  terms  of  the  developed  surface  effective  for 
convection,  and  the  envelope  surface  effective  for  radiation. 
This  is  called  the  "  shape-factor"  5.  The  percentage  increase 
in  temperature  then  is  equal  to  5  i4  5  where  A  is  the  difference 
in  altitude  expressed  in  kilometers. 

The  above  is  for  a  loss  unaffected  by  temperature.  Where 
the  loss  is  in  copper  windings,  an  increase  in  temperature,  due  to 
changes  in  pressure,  has  the  effect  of  increasing  the  loss,  which  in 
turn  still  further  increases  the  temperature  rise. 

It  is  shown  by  mathematical  treatment  that  this  effect  in- 
creases the  value  5  i45  to  6.85  AS  for  all  copper  loss.  For 
various  ratios  of  copper  to  iron  loss  (unaffected  by  temperature), 
the  term  becomes,  close  enough  for  practical  purposes,  AS 
(5  -ha),  where  a  is  percentage  of  copper  loss  to  total  loss.  The 
calculated  values  are  then  compared  with  the  observed  values. 

3.  In  this  division  the  method  of  carrying  on  the  experimental 
observations  is  gone  into  somewhat  in  detail. 


Introductory  . 

WHILE  we  have  reliable  data,  obtained  from  laboratory 
investigations,  on  the  effect  of  rarefied  atmospheres  on 
each  of  the  three  principal  modes  of  heat  dissipation — ^radiation 
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temperatures,  yet  for  low  temperatures,  i.  e.,  from  0  to  approxi- 
mately 100 deg.  cent.,  it  does  not  seem  to  hold  very  well.  This  is 
shown  later  and  in  fact  is  pointed  out  by  Dr.  Langmuir  himself. 
The  object  of  this  paper  is  (1)  to  give,  as  found  from  experi- 
mental observations  on  surfaces  of  various  shapes,  the  ratio  of 
heat  dissipated  by  radiation  to  that  dissipated  by  convection, 
thus  making  it  possible  to  predict  the  effect  of  altitude  on  the 
cooling  of  surfaces  of  different  shapes,  such  as  are  found  in 
stationary  electrical  apparatus,  and  (2)  to  give  the  results  of 
experimental  observations  conducted  on  transformers  (Fig.  1) 
under  natural  atmospheric  conditions  at  different  altitudes 
ranging  from  305  m.  (1000  ft.)  to  3360  m.  (11,000  ft.)  These 
observed  values  are  compared  with  theoretical  calculations, 
making  use  of  the  established  laws  of  the  effect  of  barometric 
pressure  on  the  principal  modes  of  heat  dissipation,  namely, 
radiation,  conduction  and  convection.  From  this  a  simple  formula 
is  developed,  expressing  the  effect  of  altitude  on  the  cooling  of 
surfaces  of  various  shapes. 

GENERAL  LAWS  OF  RADIATION,  CONDUCTION  AND 
CONVECTION  OF  HEAT 

Radiation  of  Heat 
The  Stefan-Boltzman  law  that  the  radiation  from  a  black  body 
is  proportional  to  the  difference  of  the  fourth  powers  of  the 
absolute  temperatures  has  withstood  very  rigid  experimental 
investigations  and  can  be  considered  as  accurate.  The  Stefan- 
Boltzman  law  as  applied  to  the  radiation  of  heat  from  a  body  may 
be  expressed 

Wr  =^  Ke(T2'-  T,')  (1) 

where  Wr  =  watts  radiated  per  sq.  cm.  of  surface. 
K  =  an  empirical  constant. 

e  =  relative  emissivity  which  depends  on  the  nature  and 
color  of  the  surface. 
T'i    =  absolute  temperature  of  the  radiating  surface. 
Ti  =  absolute  temperature  of  the  room. 

The  exact  value  of  K  has  not  been  definitely  determined  at  pres- 
ent, but  5.7  X  10~^^  (probably  the  most  commonly  accepted 
value)  has  been  used  in  making  calculations  to  check  the  experi- 
mental observations  on  surfaces  of  various  shapes.  To  quote 
from  Dr.  Langmuir  (Trans.  A.  I.  E.  E.  Vol.  xxxii,  1913  p.  309.) 
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of  the  surfaces  of  the  tanks  used  by  the  writer  in  the  experimental 
observations  (and  also  for  practically  all  commercial  transform- 
ers) was  practically  a  lamp  black,  and  e  has  been  considered  as 
imity,  i.e.,  no  attempt  has  been  made  to  make  corrections  for  the 
color  when  making  theoretical  calculations.  A  small  error  may 
have  been  introduced  due  to  this  effect,  but  in  general  for  sur- 
faces of  this  color  the  error  should  be  negligible. 

Conduction  of  Heat 
Since  conduction  of  heat  takes  place  by  transference  from  one 
part  of  one  body  to  another  part  of  the  same  body  without  bodily 
transfer,  this  mode  of  heat  transmission  has  very  little,  if  any, 
effect  on  the  change  in  temperature  of  stationary  induction  ap- 
paratus due  to  changes  in  barometric  pressures.  In  other  words, 
it  is  not  necessary  to  consider  it  in  this  discussion.  In  general, 
however,  for  a  steady  flow  of  heat  through  a  solid  of  uniform 
material  the  following  law  holds: 

W  =  -^  (7^2  -  r.)  (2) 

Where  W  =  watts  of  heat  flow 

K  =  coefficient  of  heat  conductivity 

A  =  area  of  cross  section 
/  =  length  of  conductor 
(Ti  —  T\)  =  temperature  difference  causing  flow  of  heat. 

Convection  of  Heat 
Within  the  last  four  or  five  years  Dr.  Langmuir  has  done 
considerable  work  upon,  and  has  developed  a  formula  for,  the 
convection  of  heat.  His  formula  is  based  on  the  film  theory,  in 
which  he  assumes  that  the  dissipation  of  heat  takes  place  by  first 
being  conducted  through  a  film  of  adhering  gas,  to  the  sur- 
rounding medium  where  it  is  carried  away  by  convection  air 
currents.     The  formula  is  expressed  in  the  form 

W,  =  ^1^  (3) 

Where  Wc=  Watts  dissipated  per  sq.  cm.  surface 
B  =  thickness  of  adhering  film 
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,• 1  .1  ii':ur.ral.  ar.^1  the  n-SA<,z.eT.ir.^  de'.-ice  is  also  used  on  the 

»/0  <><X)  'Al  trar. -rni-.'.i'.n  line  from  the  ^reneratin^  station  of  the 
r. .».».<!  aiiia  U'atr.r  &:  Po-^'.er  Company  at  Hiltwcod.  Penn- 
.1/1  i.iia  Vj  \jix\\irriOZ^,  alth.:-u^h.  as  Mr,  Ricketts  menticns  in- 
(A  1  :.ir.ai,y  m  h:.s  ^^7-^^-  '*"  -'"^'^  ^^.se  the  timing  de'.-ice  is  set  for 
X  MT  -ju  or.'I-  ir.'/>,-ad  of  t^^-o  seconds,  as  ii^<:d  in  the  Consolidated 
'-./  t*.*;rfi  Th»:  ro-a^on  for  that  is  that  the  Pennsylvania  Water  & 
i'o  A*:r  Company  a' so  u^es  the  Nioh  olson  device  an  1  Mr,  Ricketts' 
fi' id  o;.«:n:n^^  d':vi:e  is  so  set  as  to  jive  the  Xichilscn  de\~ice  a 
ohary.O'  to  ooorate  nnst.  and  then  if  that  tails  to  clear  the  trouble, 
or  d'y,-.  not  succeed  :r.  entirely  cl^-arlnz  the  trouble,  then  the 
f.':'A  oy.-ninz  device  v/:ll  operate.  As  Mr.  Ricketts  points  out, 
that  dc-!ay  of  fo*^  £ccon  Is  intposcs  very  much  mere  severe  con- 
ditions ir,  re=torin/  -'^r'/ice. 

I  have  not  in  mm  i  rl jures  as  to  the  relative  amxunts  of  under- 
;{round  and  o'/erheai  feeders  in  our  system — ever>-  feeder,  as  I 
'^a:d  a  m.om.ent  ajo.  I'les  out  from  the  substation  undersround, 
and  the  overheai  nor.ion  is  lim.ited  to  the  a<rjtal  distribution 
portion  of  the  feeder;  m.any  of  the  feeders  distribute  entirely 
under;; round,  and  the  system,  is  an p lie  i  im. partially  to  all  feeders. 
The  capacity  of  our  ;*enerat:n^  statii-n  at  the  present  time  is 
approxim.ately  3o.^J<»  kv-a.  n'.m.inally,  and  will  be  increased 
within  the  ne.xt  couple  of  m.onths  to  about  70. OX)  kv-a. 

I  m.:;,'ht  say,  in  closin::.  that  the  proof  of  the  pudding  is  in  the 
eatin; .  This  systemi  was  t:rst  applied  to  a  suburban  substation 
at  which  no  operator  is  kept,  som.ethin^.;  over  two  years  ago, 
and  it  has  operate-!  v/ith  the  '^'reatest  satisfaction.  When  a 
feeder  trips  out.  a  relay  cl  'Ses  a  cr.ntact  and  rincrs  an  alarm  bell 
in  the  ofnce  of  the  distriit  forem.an.  about  three-quarters  of  a 
mile  diritant.  That  bell  m.ay  either  m.ake  two  or  three,  or  even 
one  short  indication,  or  it  m.ay  ntake  three  short  indications 
and  then  continue  to  rin.:.  In  other  words,  if  a  feeder  drops  out 
and  restores  at  once,  and  stays  in.  the  alarmi  bell  will  so  indicate. 
If  it  drops  out  twice  and  re -tores  itself,  the  sam.e.  If  the  feeder 
stays  out.  the  alarm  bell  continues  to  operate.  So  with  no  oper- 
ator within  three-quarters  of  a  m.ile  this  substation  is  taken  care 
of  by  this  device,  and  it  has  been  in  satisfactory  use  there  for 
about  two  years  and  a  half.  About  one  year  a^^o  five  other  sub- 
stations v/ere  equipped  with  this  system,  and  at  the  present  time 
the  apparatus  is  ordered  with  which  to  equip  the  last  of  the  sub- 
stations of  the  company. 
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For  30  deg.  cent,  room  temperature  and  for  standard  atmos- 
pheric pressure  the  above  formula  reduces  to 


Wc  =  3.98  X  10-^  H-i  e^'^ 


(6) 


The  results  of  observations  conducted  by  the  writer  indicate 
that  the  loss  vs.  temperature  rise  follows  a  simple  exponential 
law  similar  to  Lorenz'  formula  (when  H  =  approx.  9  cm.) 
throughout  a  range  of  temperatures  from  0  deg.  cent,  to  ap- 
proximately 100  deg.  cent,  (tests  were  not  made  above  100  deg. 
cent.).     This  law  also  holds  in   plotting  on  logarithmic  paper, 


2  3       4567  89 10  20         30    40    50  60708090 

maximum  oil  rise  (f»)  over  average  room  temperature 
Fig.  2 


the  maximum  oil  rise  of  tanks  with  surfaces  of  various  shapes 
against  the  loss  dissipated  per  unit  area  of  developed  surface. 
Referring  to  Fig.  2  in  which  maximum  oil  rise  is  plotted  on 
a  logarithmic  scale  against  loss  per  unit  area  of  the  developed 
surfaces  of  three  tanks  shown  in  Figs.  3  and  4,  it  will  be  noted 
that  these  points  fall  (for  each  tank)  practically  in  a  straight 
line.  Providing  the  temperature  gradients  along  the  tank  sur- 
faces from  top  to  bottom  do  not  change  for  different  maximum 
oil  rises  (and  there  is  no  reason  why  they  should  appreciably 
change)  the  equation  of  the  line  drawn  through  these  points  for 
any  one  tank,  when  supplied  with  the  proper  constant,  (found 
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<  V    ,v-'  'v\  Unl  between  the  neutral  wire  and  one 

v'   -^  '/',v^  three  transformer  three-phase  installa- 

<  '  sv'^ntv^lion  to  the  neutral  wire  of  the  circuit. 

t  ^  vA^»   transformers  connected   to  the  line  on 

M  \.  Mu\  all  of  the  percentages  for  that  year  were 

is\\»i\ls  of  transformers  installed  as  of  that  date. 

vilv  showing  the  distribution  of  transformers  is 
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Fig.  1— Map  of  40()0-Volt  Dis-         Fig.  2— Transformers  in  Serv- 
TRiBUTiNG  Feeders   in   Chicago     ice  in  1915.  Each  Dot  Represents 

Ten  Transformers 


II — Preliminary  Studies 
As  the  object  of  the  investigation  was  to  improve  the  service 
a  preliminary  study  was  first  made  of  all  of  the  interruptions 
on  the  distribution  system,  which  were  classified  according  to 
their  cause.  This  showed  that  transformer  troubles  were  re- 
sponsible for  more  interruptions  to  service  than  any  other  single 
item,  and  also  that  a  large  fraction  of  all  transformer  troubles 
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as  that  on  which  equation  (6)  is  based  and  for  this  reason  they 
are  probably  not , as  accurate.  Refering  to  Fig.  2,  it  will  be  noted 
that  equation  (6)  is  based  on  four  observed  points.  The  lower 
one  was  obtained  in  Pittsfield  only  for  the  purpose  of  determining 
a  more  accurate  exponential  value,  and  therefore  this  test  was 
not  repeated  at  the  higher  altitudes.  For  temperatures  within 
the  range  of  the  operation  of  stationary  induction  apparatus, 
the  convection  for  vertical  siu^ace  can  no  doubt  be  expressed 
within  a  reasonable  accuracy  by  the  simple  equation 

Wc=-K  ei-25  (10) 

where  Wc  =  watts  dissipated  per  sq.  cm.  of  surface  (developed) 
K  =  constant  (found  by  trial  to  be  2.32  X  IQ-*  for 
tanks  No.  II  and  III  and  2.04  X  IQ-*  for  tank  No.  1) 
6  =  temperature  rise  in  deg.  cent. 

It  is  interesting  to  note  that  when  we  substitute  9.0  cm.  for 
H  in  Lorenz's  equation,  it  becomes 

We  =  2.3  X  10^  6^-^  which  is  practically  the  same  as  equa- 
tion (10). 

Equation  (10)  is  used  later  in  comparing  calculated  values  of 
loss  by  convection  with  the  input  loss  less  the  calculated  loss 
by  radiation  for  three  different  styles  of  tanks.  Also  it  is  used 
in  deriving  a  formula  for  expressing  the  effect  of  altitude  on  the 
cooling  of  stu^aces  of  various  shapes.  It  should  be  noted  that 
it  is  not  intended  that  this  formula  be  applied  for  high  tempera- 
tures where  the  formula  -?— •— ^*  holds,  but  only  for  low  tem- 
peratures  of  100  deg.  cent,  and  less. 

Effect  of  Room  Temperature  on  Dissipation  of  Heat 
(a)  Radiation.  Referring  to  Fig.  6  it  will  be  seen  that  room 
temperature  has  an  appreciable  effect  on  radiation.  For  ex- 
ample, for  a  50  deg.  rise  the  loss  radiated  in  the  presence  of  a 
15  deg.  cent,  room  temperature  is  0.0354  watts  per  sq.  cm., 
while  in  a  35  deg.  cent,  room  temperature,  the  loss  is  0.0427 
watts  per  sq.  cm. — a  difference  of  20  per  cent,  or  1  per  cent  per 
deg.  variation  in  room  temperature.  For  this  reason  an  at- 
tempt was  made  to  hold  as  nearly  as  possible  the  same  room 
temperatures  at  the  three  different  altitudes.*  The  room 
temperatures  were  the  same  at  both  Pittsfield  and  Leadville, 
while,  due  to  encountering  a  period  of  very  warm  weather  at 
•See  p.  621  for  locations. 
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Boulder,  it  was  necessary  to  hold  a  room  temperature  from  one 

to  six  degrees  higher  than  that  held  at  the  other  two  places. 

(ft)  Conduction.     Room  temperature  should  have  no  effect, 

(c)  Convection.     According     to     Dr.     Langmuir's     equation, 

B 


(plotted  in  Fig.  5)  room  temperature   has  very  little 


effect  on  convection.     No  attempt  has  been  made  to  add  a  room 
temperature  correction  factor  in   equation   (10). 
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Fig.  5 


Fig.  6 


Effect  of  Barometric  Pressure  on  Radiation  Conduction 
AND  Convection 
(a)  Radiation.     Since  radiation  does  not  depend  on  the  density 
of  the  surrounding  air»  changes  in  barometric  pressure  have  no 
effect  on  it. 

(ft)  Conduction.     Changes  in  pressure  do  not  affect  conduction. 
(c)  Convection.     In   1817   Dulong  and  Petit  found  that  the 
velocity  of  cooling  in  a  gas  was  proi)ortional  to  the  pressure 
raised  to  the  power 

0.45    for  atmospheric  air. 
0 .  38    for  hydrogen 
0.517   for  carbonic  add. 
and  0.501  for  olifiant  gas. 

Messrs.  Kennelly  and  Sanborn*  in  an  investigation  on  **  The 
•Proc.  Am.  PkU.  Soc,  Vol.  Uii,  1914. 
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(montsinger) 
Fig.   3 — Corrugated  and 
Plain  Tanks  Used  for 
Heat  Tests  to  Determine 

Effect  of  Barometric 

Pressure  ON  Temperature 

Rise  of  Self-Cooled 

Transformers 


[montsinger] 
Fig.  8 — Pressboard   Housing    Used   for 
Making  Tests  to  Determine  Effect  of 
Barometric   Pressure  on   Temperature 
Rise  of  Self-Cooled  Transformers 


[montsinger] 
Fig.  4— Sugwing  Tank  No.  1  in  Hbat  Run  Position 
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Influence  of  Atmospheric  Pressure  upon  the  Forced  Thennal 
Convection  from  Small  Electrically  Heated  Platintim  Wires/' 
found  that  the  linear  convection  is  neariy  proportional  to  the 
0.5  power  of  the  atmospheric  pressure. 

Compan  found  that  for  spheres  2  cm.  in  diameter,  convection 
varies  as  the  0.45  power  of  the  pressure.  According  to  Lorenz's 
equation,  convection  varies  as  the  0.5  power  of  the  pressure. 
In  making  calculation  later  on,  the  writer  has  used  the  value 
0.5. 

Effect  of  Position,  Shape  of  Contour,   and  Height  op 
Plane  on  Convection 

Dr.  Langmuir  found  that  the  convection  was  about  10  per  cent 
more  for  the  upper,  and  50  per  cent  less  for  the  under  side  of  a 
horizontal  plane  than  for  a  vertical  plane.  (Note:  the  covers 
for  the  tanks  used  in  the  experimental  observations  were  in- 
sulated thermally  from  the  horizontal  surfaces  so  that  practically 
no  heat  was  lost  by  them,  thus  eliminating  the  necessity  of 
making  corrections  when  comparing  input  with  calculated  loss.) 

Calculations  indicate  that  the  convection  is  practically  the 
same  for  a  plain  surface,  130  cm.  (51  in.)  in  height  as  for  a  sur- 
face having  corrugations  8.9  cm.  (3.5  in.)  in  depth,  5.72  cm. 
2.25  in.)  pitch  and  130  cm.  (51  in.)  in  height;  but  that  the  con- 
vection is  approximately  15  per  cent  less  for  a  stuiace  having 
corrugations  22.8  cm.  (9  in.)  in  depth,  6.03  cm.  (2  3/8  in.)  pitch 
and  140  cm.  (55  in.)  in  height  with  upper  and  lower  air  spaces 
open  for  free  circulation  of  air. 

Again  according  to  Lorenz*s  equation,  convection  varies 
inversely  as  the  height  of  a  vertical  plane  raised  to  the  \  power 
(H-^).  Observation  of  tests  made  on  vertical  surfaces  whose 
heights  range  from  one  or  two  meters  to  four  or  five  meters 
indicate  that  the  J  power  is  too  large.  In  fact  experience  in- 
dicates that  for  simple  corrugations  and  for  heights  ordinarily 
used  for  cooling  of  stationary  induction  apparatus,  the  effect  of 
height  is  practically  negligible.  As  an  evidence  that  the  J  power 
of  the  height  is  too  great,  if  we  substitute  130  cm.  (corresponding 
to  the  heights  of  tanks  used  in  the  observations  )for  H  in  Lorenz*s 
formula  it  becomes: 

T^c  =  1.18X10-*  ^1-25 

Referring  to  equation  (10)  it  is  seen  that  if  we  had  used  Lor- 
enz*s  formula  the  calculated  loss  would  have  been  only  about 
50  per  cent  of  the  loss  actually  found  in  the  observation.     But 
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^•e  tor  the  purpose,  and  the  records  misleading  due 

'"     *   ^-ibieness  oi  liizhtning  storms,  the  results  for  three 

/-  to  indiv-ute  that  the  grounding  of  the  transformer 

^  /  •  Sat  little  enect  upon  the  efficiency  of  the  lightning 

'^"^  /*^       ^^  3  matter  of  fact,  there  was  slightly  more  trouble 

^'^^  »  '>rtiai-^  circuits  than  the  average  for  other  circuits, 

h'  >  taking:  the  nature  of  the  burning  off  of  the  primary 

'  ' '-     I    >r  near  the  primary  bushings.     The  area  which  was 

"•'  '»  >i  tor  this  trial  happened  to  be  one  of  the  older  districts 

^*      ;m^-v'   transformers   which    were   considerably   above   the 

^        \  o.'r>  of  all  on  the  svstem.     It  is  possible  that  the  results 

•  t  ^  jve  been  different  with  a  modem  tvpe   of   transformer 

M— lied  ^A-ith  a  larger  primary  bushmg. 

^For  the  reasons  above  given,  the  scheme  of  grounding  the 
.^.•><*ormer  cases  has  been  abandoned,  and  the  ground  connec- 
•;l-'<  installed  for  this  purpose  have  been  removed. 

T^ Increasing  the  Size  of  Transformer  Primary  Fuses 

Pre\'ious  to  the  time  of  starting  these  experiments,  it  had 
jjeen  assumed  that  one  of  the  principal  objects  of  the  primary 
f^se  was  to  protect  the  transformers  from  overload,    and    the 
sizes  of  the  fuses  were  proportioned  to  the  capacity  of  the  trans- 
former.    It  was  noted,  however,  that  many  fuses  blew  for  which 
no  cause  could  be  found,  and  it  was  apparent  that  many   fuses 
were   blowing   unnecessarily.      After   some   discussion   the   old 
theory  was  abandoned,  and  instead  a  new  theory  was  adopted, 
that  the  object  of  the  primary  fuse  was  to  protect  the  service 
by  disconnecting  a  defective  transfonner.     As  there  were  only 
two  types  of  cut-outs  in  use,  25-ampcre  fuses  were   determined 
upon  for  use  in  the  smaller  cut-out  for  all  transformers  up  to 
and  including  10  kw.,  and  40-ampere  fuses  in  the  larger  cut-out 
for  transformers  from  15  to  40-kw.  capacity.    Larger  transformers 
are   generally   connected   to   the   line   without  cut-outs.     This 
rule,  adopted  in  March  1914,  was  made  to  apply  to  all  trans- 
formers installed,  or  to  any  fuses  replaced  for  any  reason  after 
that  date.    This  change  in  practise  has  resulted  in  a  large  reduc- 
tion in  the  number  of  transformer  fuses  blown  by  other  causes 
than  lightning,  but  it  is  not  clear  that  this  change  would  have 
any  serious  effect  on  the  blowing  of  fuses  due  to  lightning,  as 
this  would  mean  that  an  arc  started  by  the  lightning  w^ould  blow 
a  five  ampere  fuse,  for  example,  but  that  the  arc  might  go  out 
automatically  without  blowing  a  25-ampere  fuse.     The  facts 
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TABLE  I. 

COMPARISON  OF  CALCULATED  LOSS  WITH  TESTS  CONDUCTED  AT 

PITTSPIELD. 


Test 


Max.*  oil 

rise 
deg.  cent. 


tAve.  test 
watts 
input 


Watts  loss  by  convection 


Tested 

(Input  watts 

less  calc. 

rad.) 


Calculated  by  equations  W^  ■• 


2.04  <^» 
10« 


2.32  d^-^ 


10« 


0.45  cm. 


21.1 
34.6 
60.0 


24.0 
42.3 
56.7 


15.6 
41.9 
60.2 


Tank  No.  I. 

1564.5 
2910.0 
4721.0 


Tank  No.  II. 


1550. 

3114.0 

4500.0 


1268.0 
2370.0 
3811.0 


1023.4 
2114.0 
3026.2 


1245.0 
2380.0 
3830.0 


Tank  No.  III. 


347.5 
1064.5 
1657.5 


186.5 
478.0 
704.5 


1413.0 
2709.5 
4461.0 


1005.0 
2041.0 
3129.0 


100.0 
446.5 
722.3 


1757.3 
2985.0 
4661.2 


1266. 

2297.0 

3200.0 


144. 

480.0 

735.1 


^Based  on  the  following  average  ambient  temperatures: 


For  tests  No. 
Room  (deg.  cent). 

Test  No 

Room  (deg.  cent.). 


fAve.  of  volt  X  ampere  and  wattmeter  readings 


1 

2 

3 

4 

5 

6 

30.0 

30.1 

32.0 

30.0 

32.0 

32.0 

8 

9 

30.2 

30.1 

7 
29.9 


THEORETICAL  CALCULATION  OF  EFFECT  OF  PRESSURE  ON 

COOLING 

We  now  have  sufficient  data  with  which  we  should  be  able  to 
predict  fairly  closely  the  increase  in  temperature  of  self -cooled 
stationary  induction  apparatus.  Assuming  that  the  loss  dis- 
sipated by  convection  We  varies  as  the  0.5  power  of  the  baro- 
metric pressure,  and  as  the  1.25  power  of  the  temperature  rise, 
and  letting  p  equal  the  barometric  pressure  in  mm.  of  mercury, 
the  general  equation  for  convection  becomes 

Wc  =  K  ei-25  po.5 

1  Wc 


or      e^'^  = 


K    p' 


,0.5 


WO-S 


=  K,  PFcO-8  l—\ 


or  compared  with  p  at  sea  level 

0.4 


P   / 


J    PIJ.   u 


'^:r-sx.  .-jTA-r^..  : 


-cr:     .  •_    — c 
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loss  by  convection  to  the  total  loss.  For  example,  if  only  50  per 
cent  of  the  loss  is  by  convection  and  the  remaining  by  radiation 
(unaffected  by  pressure)  the  effect  of  pressure  will  be  approxi- 
mately one-half  that  expressed  by  equation  (12).  Letting  <t>2 
equal  the  percentage  increase  in  temperature  rise  for  surfaces 
having  both  radiation  and  convection,  we  have 


<^2  =  5  .4  X 


loss  by  convection 
total  loss 


or 


where  We  is  the  convection  loss  per  unit  area  of  developed  sur- 
face and  Wr  is  the  radiation  loss  per  unit  area  of  envelope  surface. 

Since  the  ratio  between  We  and  {Wc  +  Wr)  does  not  remain 
quite  the  same  when  the  altitude  changes,  equation  (13)  is  not 
quite  correct.  For  instance,  when  the  apparatus  is  taken  to  a 
higher  altitude  the  radiation  increases  while  the  convection  may 
decrease.  However,  the  error  is  small  especially  for  surfaces 
with  irregular  contours  such  as  corrugations,  etc.,  where  the 
greater  part  of  the  loss  is  by  convection,  and  since  it  is  a  positive 
error,  i.  e.,  it  makes  the  estimated  temperature  rise  slightly 
higher  than  it  should  be,  it  may  be  neglected  for  practical  pur- 
poses. An  attempt  to  correct  for  it  would  require  an  equation 
very  cumbersome  to  handle. 

If  we  assume  a  standard  room  temperature  and  a  standard 
temperature  rise,  we  can,  for  practical  purposes,  express  Wc 
and  Wr  in  terms  of  the  developed  and  envelope  surfaces  reduced 
to  equivalent  values  of  loss  per  unit  area.  This  makes  it  more 
convenient  for  practical  application.  For  example,  referring 
to  Figs.  5  (either  formula  for  convection)  and  6  we  find  that  for 
a  50  deg.  rise  above  a  30  deg.  room  temperature  the  calculated 
watts  dissipated  per  sq.  cm.  of  surface  are  approximately  in  the 
ratio  of  1.0  for  convection  to  1.3  for  radiation. 

We  may  therefore  restate  equation  (13) 

<t>i^5AS  (14) 

developed  surface  of  tank 


where  S  =  shape  factor  = 


(dev.  +  «  1.3  X  envelope)  surfaces. 


IWT  \« 


TABLE  I. 
,X  vup  'iUMtS  nr  THR  TRANSFORMERS  IN  THE  SEVERAL  DISTRICTS 


14 

k  > 

17 


{    l<4«K   It'. 

iMulr, 

tloli 


Sq. 

mile 


No.  of  transforincrs 


Belcw    '  5  tc  15  .    A^cve 
5  kv-a.  ,     k. -a         15k\-a. 


Trans-     I 

former  per 
Tctal        sq.   mile 


7  8     ' 

3  0     , 

4  0     . 


327 
12»i 
22^ 


779 
3H 


193 
16 

la^ 


1299  167 

2*>0  93 

710  178 


I 


14   S 

6  5 
3  0 

7  0 


hSl 


V2r\\ 


392  .  7o9 
UjO  I  2vj 
313      4S9 


347 

V-O     I 


22S9 


155 


173 


1311  202 
4*^2  1« 
975     139 


16.5  !   865  I   152S 


4  3 

9  0 

3  0 

2  0 

0  J> 

7  5 


132 

2M 
KX) 
127 
3»  ' 
420  t 


3:s 

17>. 

ISO 

•  ►4 
73 

259 


All 


2»;  Ji 


1U14S 


1137 


57  9   I  2M4 


3So 

SO 

47 

129 

3 

t» 

35 


277s 


168 


590  137 

5^)*>  56 

414  13S 

194  97 

117  i30 

714  15 


3(X) 


2535 


95 


131 


20 
21 


9 

12 
19 


X    I   B 


Y      B 


7  0 
7  5 


13 
13 


29 
97 


IS 
isS 


19S 


9 

26 


Z    '   B 


14  5 

28  5 
9  2 

19  5 
2  0 

59  2 


3  0 
30  5 


48  7 


3:) 

133 

51 

139 

2(11 


lN4l 

54 
3 


ji  19 
isi; 

401 


41 

1()9 

37 


145 
14 

r.i 


258 

130 

358 

126 

5 

625 

405 
31 

3>6 


18 

5 

39 

"i 

3 

U 

45 
10 
II 


17 


Total 


4 
11 
20 
21 


9 
12 
19 


I  Total 


All 


3tV« 


tVO      S3 


1705  !    14 


221 
37b 


129 
392 


44 
54 


394 
824 


521 


98 


1218 


2S  5 

512 

30 

1504 

9  2 

355   . 

3* 'J 

49 

7  40 

19  5 

429 

140 

11 

5S0 

2  0 

,..-. 

' 

0 

48 

56 
110 


59  2 

9  2 

3  0 

30  5 


1725     1057 
! 

013 
23 


Ui2 


i;sS4 


310 
7  42 


48  7 


1119 


All 


I  122  4 


3443 


3(  K.) 


93  I  1070 
6  I  (VO 
12   1    1054 


900   I    1 1 1 


2196 


2544 


311 


6298 


84 

53 

81 
30 
24 

49 

ll7 
33 
29 


45 


51 


BAND  Totals 


All 


180.3 


6447 


7301 


1857 


15.605 


85 


19161 


ROPER:  LIGHTNING  PROTECTION 


667 


was  given  a  number  and  these  numbers  are  used  consistently 
throughout  the  records,  but  in  order  to  avoid  confusion,  have 
been  omitted  from  the  map. 

In  order  to  assist  in  analyzing  the  results,  the  transformers 
were  divided  into  three  classes  according  to  their  size,  and  the 
number  of  each  of  the  three  classes  in  each  of  the  areas  is  given  in 
Table  I.  For  the  simplification  of  the  calculations,  the  number 
of  transformers  in  service  on  August  1st,  1915,  which  was  approx- 


TABLE  II. 

SUMMARY  OF  LIGHTNING  ARRESTER  DISTRICTS. 

SHOWING  THE  PERCENTAGE  DISTRIBUTION  OP  THE  TRANSFORMERS 

AMONG  THE  DISTRICTS  BY  GROUPS  OP  SIZES. 


Distribution  per  cent. 

Class  of 

Type  of 

protection 

arrester 

Below 

5  to  15 

Above 

5  kv-a. 

kv-a. 

15  kv-a. 

Total 

A 

X 

30 

15 

65 

100 

Y 

31 

55 

14 

100 

Z 

13 

45 

12 

100 

All 

35 

51 

14 

100 

B 

X 

10 

49 

41 

100 

Y 

21 

49 

30 

100 

Z 

24 

49 

27 

100 

All 

21 

49 

30 

100 

c 

X 

49 

43 

8 

100 

Y 

60 

37 

3 

100 

Z 

51 

44 

5 

100 

All 

55 

40 

5 

100 

ABC 

X 

35 

50 

15 

100 

Y 

43 

46 

11 

100 

Z 

43 

45 

12 

100 

All 

41 

47 

12 

100 

imately  the  middle  of  the  lightning  season,  was  taken  as  the 
basis  of  this  tabic.  From  this  infon-nation  the  percentage  distri- 
bution of  the  transformers  in  the  territories  corresponding  to 
each  type  of  arrester  and  class  of  protection  is  shown  in  Table  II. 

XV — Records  Obtained  in  1915 
A  list  of  all  the  transformers  burned  out  by  lij^htnin<^  during 
the  year  with  the  size,  area  number,  type  of  arrester  and  class 
of  protection  for  each  transformer  is  given  in  Table  III. 


VW'/.K^     Ih.llTNING  PROTECTIOS  June  28 


TABLE  I!!. 
^    V   V  UM'  OK  TRAN'SPORVER?  ErRNED  OUT 
HY   MOHTNING  IN   :<^:5 


M...    (if 
ll.tha 

ri.iiiu-f 
kw 


10 
7/, 
I;. 

7^. 
1  ':  * 

1 

4 
3 
2 
10 

3 
3 
5 
15 
3 
5 
5 


Nature  of 

burr  out 


A      B      C       A      B      C       A      B      C    I 


J.:re 


12 


July    10 


I'J 
10 

IN 

12 

14 

14 

14 

15 

17 

17 

17 

H» 

20 

20 

20 

9 

*i 

II 

9 

4 

4 

4 

4 

4 

4 

4 

4 

11 

11 

18 

19 

19 

20 

19 

19 


X 
X 
X 


X 
X 

X 


X 
X 


X 
X 
X 
X 
X 
X 
X 


D&n:A{£ed 
Crils 


X 
X    : 


Damaged 

Coils 
Dairaged 


Coils 

Damaged 

Coils 


Damaged 

Coils 

* 

Damaged 
Coils 

Damaeed 

* 

Coils 
Damaged 

* 

Coils 
Damaged 

Coils 

* 

Damaged 


Carried  Forward 


6        0       0     16      11 


46 
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TABLE  III.     {Continued) 

CLASSIFIED  LIST  OF  TRANSFORMERS  BURNED  OUT 

BY  LIGHTNING  IN   1915. 


Type  of  arrester 


Class  of 
protection 


B      C 


B      C 


ABC 


Nature  of 
burnout 


No.  of 
storm 


Date 


Size  of 

tians- 

former 

kw. 


Brought  Forward 
7         Tuly  11 


10 
11 


12 


13 


Aug.  14 


Aug.  in 


i>; 

2 
3 

IM 
10 
5 
3 

7;i 

15 
20 

IM 

4 

7y. 

2 

IM 

I A 

1 

2 

2 

3 

"712 

4 
3 

1,'i 
1 
5 
3 
2 
1 
10 
5 
2 
2 
1 

7>; 

5 

2 
2 
2 
4 

l.'i 

2 
3 


Area 
No. 


19 
11 
17 
13 
19 
16 
19 
10 
9 
9 
3 
5 
4 
4 
4 
4 
4 
20 
20 
17 
19 
19 
19 
19 
19 
10 
19 
19 
19 
19 
19 
20 
20 
20 
20 
20 
20 
20 
20 
20 
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The  location  of  all  the  transformers  burned  out  by  lightning 
in  1915  is  shown  in  Fig.  6,  and  the  fuses  blown  by  lightning 
are  shown  in  a  similar  way  in  Fig.  7.  By  comparing  these  maps 
with  Fig.  2  it  will  be  noted  that  in  the  100  per  cent  areas  where 
the  transformers  are  most  numerous,  the  burnouts  and  fuses 
blown  were  quite  scattering,  while  outside  of  the  100  per  cent 
areas,  in  which  regions  the  transformers  are  not  so  numerous 


tJOMTt  IfVlMfM 


Fig.  6 — Transformer  Burn- 
Outs  Due  to  Lightning  1915. 
Each  Dot  Represents  One 
Burn-Out 


fiCifr  >iiiti*T* 


Fi(i.    7 — Fuses  Blown  by 

Lightning       191.^.      Each  Dot 

Represents    One  Blown  Pri- 
mary Fuse 


that  the  burn-outs  and  fuses  blown  are  more  numerous,  thus 
indicating  a  distinct  reduction  in  the  perccnta<^a^  of  l)urn-c)uts 
and  fuses  blown  within  the  100  per  cent  areas. 

Fig.  8  is  a  diagram  showing  the  number  of  fuses  blown  and 
transformers  burned  out  by  lightning  during  the  year,  the 
arrangement  being  by  districts.  The  boimdaries  of  the  districts 
are  North  Avenue  and  39th  Street,  extending  across  the  city 
from  east  to  west.    The  districts  are  numbered  in  order,  District 
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No.  1  being  at  the  north  and  No.  3  at  the  south  end  of  the  city. 
This  diagram  shows  how  the  various  lightning  storms  were  dis- 
tributed throughout  the  season  and  among  the  various  sections 
of  the  city.    From  this  diagram  the  impression  is  obtained  that 
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the  stonns  of  May  loth  and  August  16th  were  somewhat  more 
erratic  than  the  other  stonns  and  for  the  purpose  of  elucidating 
this  point,  the  effects  of  these  two  storms  are  shown  graphically 
in  Figs.  9  and  10. 
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Fig.  9 — Transformer   Bi:rn-Oi'ts  and  Fuses  Blown   by  Lightning 
Storm  May  15,  1915 


flCHTf    SfVlNTH 
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•    Fust    BLOMN 


Fig.   10 — Lightning   Storm    of   Aug.    16,    1915 


TABLE  IV 
RECORD  OP  TROUBLES  DUE  TO  LIGHTNING  STORMS  DURING  1916. 
ARRANGED  BY  AREAS. 


Transformers 

Primary  fuses 

Type  of 

Class  of 

Trans- 

burned out 

blown  only 

Area 

arrester 

protec- 

formers 

No. 

tion 

in  area 

No. 

Per  ctnt 

No. 

Per  cent 

3 

X 

A 

1299 

1 

0.077 

17 

1.31 

8 

280 

0 

0 

3 

1.07 

16 

710 

1 

0.141 

6 

0.84 

2289 

2 

0.087 

26 

1.13 

5 

Y 

A 

1311 

2 

0.015 

19 

1.45 

7 

492 

0 

0. 

5 

1.02 

13 

975 

1 

0.102 

11 

1.13 

2778 

3 

0.108 

35 

1.28 

6 

z 

A 

590 

3 

0.51 

8 

1.35 

14 

506 

3 

0.59 

7 

1.38 

15 

414 

1 

0.24 

7 

1.69 

18 

194 

3 

1.64 

5 

2.58 

1 

117 

0 

0 

0 

0 

17 

714 

5 

0.70 

9 

1.26 

2535 

15 

0.5f 

36 

1.42 

Total 

All 

A 

7602 

20 

0  26 

97 

1.27 

2 

X 

B 

-    - 
GO 

1 

1.67 

0 

0 

10 

188 

0 

0 

2 

l.Oi 

258 

1 

0.39 

2 

0.77 

4 

Y 

B 

136 

0 

0 

1 

0.73 

11 

358 

0 

0 

2 

0.56 

20 

120 

0 

0 

0 

0 

21 

5 

0 

0 

0 

0 

625 

0 

0 

3 

0.48 

9 

Z 

B 

405 

2 

0.49 

4 

0.98 

12 

31       , 

0 

0 

0 

0 

19 

386 

2 

0.52 

5 

1.29 

822      1 

4 

0.49 

9 

1.09 

Total 

All 

B 

1705 

5 

0.29 

14 

0.82 

2 

X 

C 

394      ' 

1 

0.25 

16 

4.06 

10 

824 

5 

0.61 

19 

2.31 

1 
1218 

6 

0.49 

36 

2.88 

4 

Y 

c 

1504 

21 

1.40 

72 

4.78 

11 

746      , 

8 

1.07 

16 

2.14 

20 

5S6       1 

31 

5.29 

88 

15.01 

21 

''   1 

2 

4.16 

0 

0 

2884 

62 

2.14 

176 

6.10 

9 

Z 

c 

1076      ' 

6 

0.56 

25 

2.32 

12 

66 

2 

3.03 

0 

0 

19 

1054 

1 

22 

2.08 

35 

3.32 

1 
2196 

30 

1.36 

60 

2.73 

Total 

All 

c 

6298      1 

98 

1.66 

271 

4.80 

GkAND  Totals 


16.605 


123 


.79 


382 


2.44 
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The  foregoing  tabulation  gives  the  estimated  loss  by  these 
blanketed  areas  in  percentage  of  input  loss  on  each  tank  for  the 
tests  conducted  at  Pittsfield. 

We  can  therefore  neglect  these  surfaces  in  giving  the  ratio 
of  developed  (effective  for  convection)  to  envelope  (effective 
for  radiation)  surfaces.  However,  in  making  calculations  of 
dissipated  heat,  these  blanketed  areas  have  been  considered. 

The  developed  surfaces  effective  for  convection  therefore 
were  as  follows: 

Tank  No.  I.     (24  corr.  22.9  cm.  in  depth) 

Corr.— 24X48.5  X  141.5 165,000  sq.  cm.  (25,600  sq.  in.) 

Space  above  corr.  not  blanketed....     3,225      "        (      600     *     ) 

168,226      «        (26.100     •     ) 
Tank  No.  II.     (43  corr.  8.9  cm.  in  depth.) 

Corr.--43X  19.8  X 130 111,000  sq.  cm.  (17.200  sq.  in.) 

Plain    bands    at    top    and  bottom 

40.6  (73.8+irX63) 10,980      «        (1,700     «     ) 

121,980      "        (18,900     •     ) 
Tank  No.  III.  (Plain  sides) 

59XirXl30 24,200      «        (3.750     •     ) 

The  envelope  surfaces  (not  blanketed)  effective  for  radiation  were: 

Tank  No.  I.     24  X  6 .02  X 159 23,000  sq.  cm.  (  3,560  sq.  in.) 

Tank  No.  II.    167.5  (4X18.4 +irX 63). ..  45.600'    *       (70.600     «     ) 

TankNo.III.     59X^X130 24,200      «        (3,750     •      ) 

The  values  of \S  as  defined  in  equation  (14)  for  the  above  tanks  are: 

Tank  No.  5 

I  0.85 

II  0.67 

III  0.435 

Method  of  Loading.  Each  tank  was  fitted  with  tubes  wound 
(non-inductively)  with  resistance  wires  of  zero  temperature  co- 
efficient, and  so  arranged  that  by  connecting  in  parallel  various 
combinations  proper  losses  were  supplied,  at  110  volts  pres- 
sure, to  give  three  maximum  oil  rises  ranging  from  about  20 
to  60  deg.  cent.  These  tubes  were  so  grouped  that  for  each 
test  the  loss  was  uniformly  distributed  over  the  tank.  By 
means  of  a  diagrammatic  record  the  same  grouping  was  used 
at  Pittsfield,  at  Boulder  and  at  Leadville.  The  tubes  were 
supplied  at  Pittsfield  and  at  Boulder  with  current  from  an 
a-c.  generator,  and  from  an  a-c.  circuit  of  the  Colorado  Power 
Company  at  Leadville.     The  regulation  was  within  one  per 
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TABLE  NO.  S-A 
V     vv*    v»  v^v  ^;k\KI)  out  by  lightning  DURING  1915 
.>.v  t<  y;N  HY   TYPE  OF  PROTECTION  AND 
KXTENT  OP  DAMAGE. 


>SM 

No 

.  of  burn-outs 

A  and  B 

C 

AU 

,    »  •v-^ 

X 

Y          Z 

Total 

X 

Y 

Z 

Total 

out    of 
.i Is  O.K. 

1 
2 

3         10 
0           3 

20 
5 

5 

1 

40 
22 

20 
10 

65 
33 

3 

3         19 

25 

6 

62 

30 

98 

TABLE  VI. 
..v'Kl>    l»K    TRANSFORMERS    BURNED    OUT    BY    LIGHTNING     IN     1915, 
ARRANGED  BY  STORMS. 


I  V  k-v    of 

arrester 

X 

Y 

z 

Totals 

Grand 

Total 

K  \,ti%  of  protection 

A 

B 

c 

A 

B 

c 

A 

B 

c 

ABC 

,      No.  of 

•torm 

Date 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0      0       1 

1 

1 

May    3 

2 

15* 

0 

1 

6 

0 

0 

4 

9 

1 

3 

9      2     13 

24 

3 

June    7 

0 

0 

0 

0 

0 

0 

1 

0 

1 

1       0       1 

2 

4 

11 

0 

0 

0 

0 

0 

1 

0 

1 

0 

0       1       1 

2 

5 

12 

0 

0 

0 

0 

0 

11 

1 

0 

2 

1       0     13 

14 

0 

July  10 

0 

0 

0 

0 

0 

0 

0 

0 

2 

0      0       2 

2 

7 

11 

0 

0 

0 

0 

0 

1 

0 

0 

1 

0       0       2 

2 

8 

12 

0 

0 

0 

0 

0 

0 

1 

0 

0 

1       0       0 

1 

9 

14 

1 

0 

0 

1 

0 

0 

0 

0 

1 

2       0       1 

3 

10 

15 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0      0       1 

1 

11 

18 

0 

0 

1 

0 

0 

0 

0 

1 

1 

0       1       2 

3 

12 

Aug.  14 

1 

0 

0 

1 

0 

7 

0 

0 

0 

2       0       7 

9 

13 

16 

0 

0 

0 

0 

0 

27 

1 

0 

11 

1       0     38 

39 

14 

23 

0 

0 

0 

0 

0 

2 

0 

0 

0 

0      0       2 

2 

15 

Sep.     8 

0 

0 

1 

1 

0 

6 

0 

1 

5 

1       1     12 

14 

16 

10 

0 

0 

0 

0 

0 

1 

2 

0 

1 

2       0       2 

4 

Totals 

2 

1 

8 

3 

0 

60 

15 

4 

30 

20       5     98 

123 

♦The  two  storms  occurring  on  May  15th,  one  in  the  early  morning  and  one  in  the  late 
loon,  have  been  classed  as  one  storm,  on  account  of  the  impossibility  of  maldoff  an 
e  separation. 
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segregated  in  Tables  IX  and  X  so  as  to  show  the  variation  in  the 
percentage  of  trouble  in  the  transformers  supplied  by  various 
manufacturers.  The  percentage  figures  from  Table  VIII  have 
been  plotted  in  Fig.  13,  and  there  has  been  added,  for  the  purpose 
of  comparison,  the  corresponding  information  from  the  records 
of  1913. 

TABLE  VII. 

RECORD    OF    TRANSFORMER    PRIMARY    FUSES    BLOWN  BY    LIGHTNING 

IN     1915,    ARRANGED  BY  STORMS. 


Type  of  arrester 

X 

Y 

Z 

Totals 

Grand 
Total 

Class  of  protection 

A 

B 

C 

A 

B 

C 

A 

B 

C 

A 

B      C 

No.  of 

storm 

Date 

2 

0 

1 

3 

0 

4 

1 

0 

7 

6 

0     12 

18 

1 

May    3 

2 

15* 

11 

0 

14 

5 

0 

30 

8 

1 

8 

24 

1     52 

77 

3 

June    7 

0 

0 

0 

0 

0 

0 

1 

1 

0 

1 

1       0 

2 

4 

11 

1 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0       0 

1 

6 

12 

3 

0 

9 

8 

1 

26 

10 

0 

3 

21 

1     38 

60 

6 

July  10 

3 

0 

0 

0 

0 

16 

0 

0 

1 

3 

0     17 

20 

7 

11 

0 

0 

1 

1 

0 

3 

0 

0 

2 

1 

0       6 

7 

8 

12 

0 

0 

0 

0 

0 

7 

0 

0 

1 

0 

0       8 

8 

9 

14 

0 

0 

1 

3 

0 

0 

0 

0 

0 

3 

0       1 

4 

10 

15 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0       0 

0 

11 

18 

0 

0 

1 

2 

0 

0 

0 

0 

3 

2 

0       4 

6 

12 

Aug.  14 

4 

0 

3 

4 

1 

26 

1 

0 

0 

9 

1     29 

39 

13 

16 

0 

0 

0 

1 

0 

42 

4 

2 

26 

5 

2     68 

75 

14 

23 

0 

1 

2 

0 

0 

4 

1 

0 

2 

1 

1       8 

10 

15 

Sep.     8 

2 

0 

2 

3 

0 

14 

3 

3 

4 

8 

3     20 

31 

16 

10 

0 

1 

1 

5 

1 

4 

7 

2 

3 

12 

4       8 

24 

Totals 

26 

2 

35 

35 

3 

176 

27 

9 

60 

97 

14  271 

382 

♦The  two  storms  occurrinp:  on  May  15th,  one  in  the  early  morning  and  one  in  the  late 
afternoon,  have  been  classed  as  one  storm,  on  account  of  the  impossibility  of  making  an 
accurate  separation. 

Fig.  14  shows  the  ratio  of  primary  fuses  blown  to  transformer 
burn-outs  durine:  the  year  for  each  class  of  protection.  The  varia- 
tions in  the  ratio  for  all  classes  of  protection  are  shown  in  Fig. 
15  to  which  has  also  been  added,  for  comparison,  similar  informa- 
tion for  1913. 


XVI — Comments  on  the  Analysis  of  the  Records 
In  attemptim^  to  analyze  the  records  and  to  discover  the  f  unda 
mental  principles  of  lightning  protection,  not  only  is  one  con- 
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:r  .rr.r:ii  ''lv  records  which  are  inc-m^lete  and  inaccurate  due 
%j  ^'r.*'.  err'irs  "^hich  nat-^-ally  creer  into  any  records  that  are 
*'j X\n'.\fi*\  frcm  so  many  srurces.  and  thrcti^h  so  manv  individuals 
'.'It  there  are  a  larze  numher  of  va.-iacles  anecting  the  amount 
^f  trcuhle  due  to  lightning,  which  nti^ht  be  rouzhly  outlined  as 
f  .ll'^ws: 

1.  The  cercenta^-e  c:  terminal  cr-aT'ls  remj'veti. 

2.  The  ratic-  of  'J  jht rin^  arresters  to  transformers. 


I      i 


■>■ 

=                    / 

r^ 
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^                         / 

I-.          y 

cj 
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^ '          /^ 

3i                                  ^ 

\ 

^ — ^  ^ 

^                              / 
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\r 
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^^■*               ~\ 

-I 


4  8  12  16 

>LM8eR  OF  STORIi 


Fi'-r.     11 — *3raph:c       L« -<:      -'F  Fir.    IJ— Graphic  Loo  of  Fuses 

Tran-F'-rmer?    B'.  rved   '  >•  r    by  Bl'-wn     by     Li<;htneng     ix     1915, 

LlOHTMVG     IN     l'*1.7.     S'BMVIDED  SUBDIVIDED        BY     CLASSES    OF     PrO- 

BY  Clause-  -"'F  rRi-rEcn   v  rEcn.^N 


3.  Ljcati'jn  'jf  the  li^-htnin^  arresters,   i.e..  whether  on  the 

4.  Don^ity  'f  the  arresters,  i.e.,  the  num.ber  per  square  mile 
or  rer  m.:le  -o:  hne. 

5.  The  m.aker  -jf  the  trans:om:er 

^5.  The  variati-ons  in  the  dis:ribtiti»?n  and  intensity  of  the 
li/ntnin.'. 

In  ,ien»:rral  the  variati-.-ns  uf  the  li^'htning  Itself  overshadow  the 
rest  of  the  variables  so  that  the  latter  a^-e  sometimes  quite  insigni- 
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ficant  in  comparison.  In  other  cases  the  variations  in  the  varia- 
bles apparently  oppose  each  othcx*,  or  perhaps  act  together  in 
such  a  way  that  their  effect  becomes  very  obscure. 

The  large  variations  due  to  the  lightning  itself,  may  be  noted 
in  any  of  the  records  which  give  percentage  figures  for  the  various 
numbered  areas,  and  from  these  records  we  gather  that  it  is 
quite  unsafe  to  assume  that  the  record  for  any  particular  area 
correctly  represents  the  average  conditions  throughout  the  city. 
The  most  representative  figures  are  those  which  are  obtained 

TABLE  VIII. 
RECORD  OF  TRANSFORMER  TROUBLES  CAUSED  BY  LIGHTNING  IN   1916. 
FOR  EACH  SIZE  OF  TRANSFORMER 


Transformers  in 

Burned  out 

Fuses  blown 

Si«c  kw. 

service  August 
1st.  1915. 

No. 

Per  cent 

No. 

Per  cent 

I 

407 

7 

1.72 

22 

5  41 

1.5 

1.090 

23 

2.11 

61 

5.59 

2 

1.103 

21 

1  90 

51 

4.61 

3 

2.381 

25 

1.05 

51 

2.14 

4 

1.149 

8 

0.70 

20 

1.74 

5 

2,075 

14 

0.67 

54 

2.60 

7.5 

2.304 

14 

0.61 

61 

2.64 

10 

1.852 

6 

0.32 

35 

1.89 

15 

1,320 

2 

0  15 

16 

1.21 

20 

648 

2 

0  31 

2 

0  31 

25 

451 

0 

0 

3 

0.67 

30 

186 

0 

0 

1 

0.54 

40 

152 

0 

0 

1 

0.66 

50 

243 

1 

0.41 

4 

1   65 

75 

114 

0 

0 

0 

0 

100 

117 

0 

0 

0 

0 

150 

12 

0 

0 

0 

0 

250 
Totals 

1 

0 

0 

0 

0 

15.605 

23 

0.78 

382 

2.44 

from  the  combined  experience  in  a  number  of  areas.  In  some 
cases  this  is  not  possible,  and  in  those  particular  cases  the  attempt 
to  plot  the  relation  between  any  quantity  and  the  effects  of  the 
lightning  are  quite  dissappointing. 

It  is  also  to  be  noted  that  in  attempting  to  find  the  relation 
between  any  one  variable  and  the  lightning  effects,  the  other 
variables  must  for  the  moment  be  assumed  as  constant.  The 
records  show  that  this  last  assumption  is  always  in  error  to  a 
greater  or  less  extent.  Sometimes  the  variations  from  the  assump- 
tion is  not  sufficient  to  seriously  affect  the  records,  but  in  other 
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TABLE  IX. 


•ri»AK<;FORVV^  FVKNvHTS  DUE  TO  LIGHTNING  DURING  1915, 
FOR  FAvH  S;;F  AM>  make  of  TRANSFORMER  PER  CENT 


Maker 


Siic  kw. 


1 

1   5 
2 
3 

4 

7  S 

to 

!?0 
?5 


A 

B 

C 

D 

E 

1 

1     Total 

0 

1.65 

16.65 

1 

1.72 

1    4,1 

1.17 

1.40 

0 

10.48 

1       2.11 

1  u 

1.73 

2.61 

0 

7.41 

'       1.90 

0  w 

0.96 

0.97 

0 

6.06 

1.05 

0 

0.65 

1.00 

6.67 

0.70 

0 

0.83 

0.46 

0 

0 

1       0.67 

1.04 

0.39 

0 

0 

2.20 

1       0.61 

0  45 

0 

1.74 

0 

0.84 

1       0.32 

0 

0.13 

0.72 

0 

0 

0.15 

1.80 

0 

0 

16.65 

0 

1       0.31 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1       0 

0 

0 

0 

0 

0 

1       ^ 

0 

0 

0 

9.09 

0 

'       0 

0.51 

0.66 

0.81 

1.47 

1.69 

0.78 

1 

TABLE  X. 

VWANSFORMER    FUSES    BLOWN     BY    LIGHTNING    FOR    EACH    SIZE    AND 

MAKE     OF     TRANSFORMER     DURING     1915 


Maker 

A 

B 

C 

D 

E 

Total 

Sim  kw. 

1 

12.5 

5.5 

0 

0 

5.41 

1.5 

5.7 

5.8 

4.9 

4.8 

5.59 

2 

4.5 

4.4 

7.8 

0 

0 

4.61 

3 

1.4 

2.2 

3.5 

0 

1.0 

2.14 

4 

1.8 

1.7 

2.0 

0 

1.74 

5 

3.3 

2.3 

3.2 

0 

7.5 

2.60 

7.5 

2.1 

2.3 

5.6 

4.0 

2.6 

2.64 

10 

2.3 

1.5 

4.4 

5.0 

1.7 

1.89 

15 

1.6 

1.3 

2.9 

0 

0 

1.21 

20 

1.9 

0.3 

0 

0 

0 

0.31 

25 

0 

0.8 

0 

0 

0.67 

30 

0 

1.2 

0 

0 

0 

0.54 

40 

0 

1.1 

0 

0 

0 

0.66 

50 
Totals 

0 

2.5 

0 

0 

0 

1.65 

2.34 

1.33 

3.55 

1.47 

1.33 

2.44 

Notb:  The  letters  usea  to  represent  the   maker,  correspond  with  those  used  in  Table  IX 
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cases  the  variations  are  apparently  so  great  that  it  is  quite 
impossible  to  draw  any  conclusions  from  the  results  obtained, 
except  in  a  very  general  way. 

XVII — Reduction  in  the  Ratio  of  Primary  Fuses  Blown 
TO  Transformers  Burned  Out 
While  the  number  of  primary  fuses  blown  and  the  burnouts 
due  to  lightning  during  the  past  four  years  have  varied  over 


3       4        5      7.5     10      15     20      25     30     40    50 
SIZES  OF  TRANSFORMERS  K.  W. 


Fig.  13 — Comparative  Records  of  Primary  Fuses  Blown  and  Trans- 
formers Burned  Out  by  Lightning  in  1913  and  1915 


rather  wide  limits  from  year  to  year  as  shown  in  Fig.  3,  the 
ratio  between  these  two  quantities  during  the  same  period  has 
been  decreasing  along  a  very  regular  curve,  indicating  the  exist- 
ence of  some  law  or  progres^vc  change  connecting  these  two 
quantities.  For  the  purpose  of  securing  information  on  this 
point,  Table  XI  has  been  prepared  showing  the  ratio  in  question 
for  the  several  classes  of  protection  during  1915.  This  table 
shows  that  the  ratio  is  smaller  for  the  class  B  and  C  protection 
than  for  class  A.    This  ratio,  being  the  larger  for  the  best  class 
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words,  that  the  percentage  reduction  in  fuses  blown  is  directly 

proportional  to  the  percentage  of  terminal  boards  removed. 

Upon  examining  this  line  more  carefully,  an  apparent  incon- 


TABLE  XL 
EFFECT    OF    CLASS    OF    PROTECTION    ON    RATIO    OF    FUSES    BLOWN    TO 
TRANSFORMERS  BURNED  OUT  IN   1615. 


A 

B 

Class 

A. 

of 

Primary 

Transformers 

Ratio     — 

protection 

fuses 

burned 

i 

blown 

out 

A 

97 

20 

4.85 

B 

14 

5 

2.80 

C 

271 

98 

2.76 

sistency  is  noted  in  that  the  removal  of  30  per  cent  of  the  ter- 
minal boards  caused  a  reduction  of  59  ])er  cent  in  the  fuses 
blown  by  lightning.     Such  a  result  could  occur  only  if    some 
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Fig.  16 — Diagram  Showing 
Effect  of  Removal  of  Terminal 
Boards  for  Two  Years  on  Per- 
centage OF  FrsEs  Blown  by 
Lightning 


15  0  20  40  60 

terminal  blocks  removed     per  cent 
Fig.  17— Diagram  Showing  Re- 
lation     Between     Removal      of 
Terminal  Boards  and  Reduction 
in  Blowing  of  Primary  Fuses 


scheme  of  selection  were  ])ractised  in  the  removal  of  the  primary 
terminal  boards,  so  that  the  ones  most  hkely  to  cause  trouble 
were  the  ones  to  be  removed;  but  no  such  scheme  of  selection 
has  been  in  use,  and  instead,  all  of  the  transformers  passing 
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tion  from  convection,  but  the  law  for  radiation  has  b§en  fairly 
definitely  settled  and  convection  follows  somewhat  the  same 
law,  but  for  smooth  siu^aces  the  problem  is  not  as  difficult  as 
it  would  be  if  we  attempted  to  separate  the  losses  from  moving 
machinery.  For  the  latter  condition,  the  siu^aces  are  more  irreg- 
ular and  we  do  not  know  the  laws,  as  a  whole,  under  which  the 
heat  is  thrown  out  from  the  machine  into  the  air. 
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centage  of  fuses  blown  for  class  A  is  less  than  one-third  of  that 
of  class  C,  while  for  the  transformer  bum -outs  the  ratio  is 
about  one  to  six. 

XIX — Analysis  of  Class  C  Protection 
As  stated  earlier  in  the  paper,  classes  B  and  C  protection 
cover  all  of  the  transformers  outside  of  the  100  per  cent  areas 
or  class  A  protection.     If  the  transformers  included  in  class  B 


UOHt  TMAN  2*   or 

BUttfttn  OUT 


Fig.  19 — Map    Showing    Skctions    (Square    Miles)    in    which    the 
Troubles  from  Lightning  Were  Several  Times  the  Average 


protection  are  for  the  moment  ignored  then  the  arresters  installed 
for  class  B  protection  can  be  considered,  relative  to  the  class  C 
transformers,  as  being  installed  on  the  line  poles. 

For  the  purpose  of  getting  a  general  view  of  class  C  protection, 
Figs.  18  and  19  have  been  prepared.  The  former  shows  by  the 
shading,  with  the  section  (i.e.  square  mile)  as  a  unit,  the  areas 
in  which  there  was  no  transformer  trouble  caused  by  lightning 
during  the  year  1915.  Excluding  the  sections  in  which  there  are 
no  transformers,  it  is  found  that  within  the  100  per  cent  areas 


us»  R'jPER-  UGHTSISJ  FR:TECTI'?\  Jane  28 

2!:  vrr  c^rr.i  of  the  total  -^ras  er.tirely  without  trouble,  while 
.«.-.-:  :-  '.:  the  V*}  rer  cent  areas  the  corresron  iin^  fi^rnre  was 
^K  ''.-r  i-r.t.  These  njures  are  >?  else  that  one  csji  reasonably 
'.'-.t.liie  that  the  er.tire  ahscnce  •::  lichtrin^  tr^r-uble  from  ex- 
tr'fi-i  :-.n::^'u:u5  areas  ir.t: rates  arson :e  of  li^htr.ir.g  disttcrb- 
ar. :e5  rather  thar.  rerfectirr.  jf  the  rr:»tect::'n.  This  also  means 
thit  the  f2:t.  that  a  co-rr- aratively  fe':v  lichtnln^  arresters  of 
any  -.  ir^irular  tyre  h^'e  rasse-i  through  an  en:ire  season  with- 
out any  triu'"  le  •  n  the  line  "r  ar^aratus  which  they  rrotected,  is 
n-.t  t'"  ce  consiivre-i  as  tr^.f  that  the  arresters  are  ?:  value.  It 
is  rr.t^Me  that  the  a'-^senre  ::  trrucle  ntay  have  been  due  to 
the  ahsonre  ::  h^-htninj  iistur'-:  an :es  at  these  rartirular  locations. 
Ft  J-  r.>  sh."?.  h  y  the  shaiinc.  the  areas  in  T\-hijh  transformer 
tr.u'les  lue  t_  li^'r-tnin;:  in  IV^lo  vere  several  times  the  avera^^e. 
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C':n:7:arin::   the  ^er  rentage  v.-hich  these  sha  led  areas  bear  to 
the  t';tal  :n  the  sar^.e  nt-innor  as  ::r  Fi^.  IS,  we  nnd  that  the 


areas  sh-z-^in^  tiie  fuses  '-rlr-^.-n  in  Fi^.  9  are  »5  per  cent  and  28 
-er  :ent  res' er.i'ely  f.r  the  :Ii.ss  A  areas  and  for  the  rest  of  the 
.:ity.  The  sm'ilar  h^-jnes  f.r  transf  m:ers  burned  out  are  13 
rer  :-nt  2ni  33  ^er  cent  resy.eoti'ely.  Wnen  considered  with 
the  rc-S'j-ts  frrnt  Fij.  IS.  those  h>:ures  appear  to  in«iicate  that 
li^-htnin-  irr-rsters  :.r. :e':t  the  trans:. m:ers  a^-ainst  a  large  frac- 
ti  n  ::  the  lijhtninj  s:r  kes.  and  that  the  rest  of  the  strokes, 
^'rA.h  are  7 r:*-: ably  -.f  a  '.er;'  hi^h  frequency  and  large  volume, 
are  bey:nd  the  rapacity  cf  the  arrester. 

By  C'.n-.^iarln^  the  sha  led  areas  -n  Fi^.  19  ':^-ith  a  map  showing 
the  nurtber  ■ -f  transf-.mters  in  each  secti<:n.  it  can  be  noted  that 
the  shiied  secti.rs  «:'u:siie  :he  I'JO  per  cent  areas  are*  in  gen- 
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but  just  as  soon  as  current  starts  to  leak  from  phase  A  to  one  of 
the  other  phases  or  to  ground,  there  will  be  a  difference  in  the 
value  of  the  current  flowing  through  the  two  transformers,  which 
difference  will  be  represented  by  a  current  in  the  secondary  of 
one  transformer,  but  not  in  the  other;  therefore  this  unbalance 
in  the  secondaries  will  have  to  flow  through  the  actuating  coil 
of  the  relay  which  will  cause  its  contacts  to  close  and  instantly 
open  both  the  armature  circuit  and  the  field  circuit,  thereby  not 
only  preventing  current  from  feeding  from  the  bus  into  the 
damaged  generator,  but  also  preventing  the  damage  that  would 
have  been  caused  by  current  generated  by  this  generator  had  the 
field  circuit  remained  closed. 

Now,  that  we  have  the  generator  switches  arranged  so  that 
they  will  not  open  on  overload,  so  long  as  the  generator  is  in 
working  condition  and  the  other  switches  on  the  system  assumed 
to  be  equipped  for  selective  operation,  let  us  consider  what  would 
happen  if,  when  an  arc  occurs  between  two  conductors  of  the 
system  at  a  point  where  the  insulation  will  not  be  permanently 
impaired  we  simultaneously  interrupt  the  field  circuits  of  all  the 
generators  for  a  short  interval  of  time;  say,  one  or  two  seconds. 
When  the  field  circuits  of  the  generators  are  opened,  the  voltage 
of  the  system  will  very  quickly  drop  to  near  zero,  especially  is 
this  true  when  the  short  circuit  is  severe,  in  which  case  the  heavy 
armature  current  will  tend  to  demagnetize  the  generators,  even 
before  the  field  circuits  are  opened.  This  drop  in  voltage  will 
be  much  more  rapid  than  could  be  accomplished  by  reducing  the 
voltage  applied  to  the  field  circuits  while  the  field  circuits  re- 
main closed  since  then,  as  the  magnetism  of  the  fields  decrease 
there  would  be  induced  in  the  closed  field  circuit  a  voltage  that 
would  oppose  the  decrease  in  field  current.  Figs.  2  and  3  give 
a  comparison  of  the  relative  time  required  for  the  armature 
voltage  to  die  out  when  the  generator  field  is  opened  and  when 
the  exciter  field  is  opened.  Fig.  2  is  for  opening  of  the  generator 
field  and  Fig.  3  for  the  opening  of  the  exciter  field.  If  the  exciter 
voltage  were  lowered  by  cutting  resistance  in  the  exciter  field, 
the  time  would  be  still  longer.  By  the  time  the  fields  close  the 
arc  will  have  ceased,  and  as  the  current  builds  up  in  the  fields 
the  armature  voltage  will  rise  gradually  from  zero  to  normal,  with 
total  absence  of  voltage  surges  and  an  armature  current  not  ex- 
ceeding 200  per  cent  normal.  As  the  armature  voltage  rises  to 
normal,  the  service  on  the  entire  system  will  be  restored.  How- 
ever, to  accomplish  the  best  results,  special  arrangements  of 
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tion,  one-half  the  resistance  in  series  with  the  voltage-regulating 
coil  of  the  regulator  w-ill  be  short-circuited  and  the  resistance 
will  be  cut  in  circuit  in  steps  as  the  dial  rotates,  all  of  the  re- 
sistance being  in  circuit  at  the  end  of  the  cycle. 

Therefore,  since  the  regulator  operates  to  maintain  a  constant 
current  in  the  voltage  coil,  the  voltage  will  be  maintained  in 
proportion  to  the  resistance  in  the  circuit  of  the  voltage  coil; 
that  is,  the  voltage  will  be  restored  to  normal  gradually,  which 
is  of  great  importance  in  pulling  the  motors  on  the  system  into 
synchronism. 

During  the  operation  of  the  device,  the  induction  motors  will 
slow  doi^Ti  and  come  back  to  normal  speed,  but  the  relays  con- 
trolling them  shotdd  be  set  for  a  rather  high  current,  say  400 
per  cent  load  to  prevent  them  from  tripping  before  the  motors 
are  up  to  speed.  This  high  setting  will  not  be  dangerotis  as  the 
motors  will  stand  a  heavy  overload  for  a  few  seconds  without 
heating  to  a  dangerous  temperature,  and  in  case  a  motor  bums 
out  sufficient  current  will  flow  to  trip  the  relay. 

S>Tichronous  converters  present  a  more  difficult  problem  since 
they  lose  a  great  part  of  their  torque  when  they  get  out  of  phase, 
and  their  polarity  on  the  direct -current  side  depends  upon  the 
polarity  of  the  brushes  when  they  come  into  synchronism,  there 
being  an  equal  chance  that  they  wU  have  one  polarity  or  the 
other,  since  the  polarity  of  the  brushes  changes  ever>''  time  the 
armature  gains  or  loses  one  pole. 

This  reversing  may  be  overcome  by  exciting  the  fields  from  an 
external  direct-current  source  which  is  not  disturbed  by  the  short 
circuit  so  that  the  converter  armature  will  not  lock  in  step  when 
the  brush  holders  are  of  the  wrong  polarity.  This  separate 
excitation  need  not  be  equal  to  that  at  which  the  rotar>'  normally 
operates;  in  fact,  it  should  not  be  of  full  value  as  it  may  cause  the 
converters  to  flash  at  the  brushes  as  they  are  pulling  into  syn- 
chronism. In  most  cases  25  per  cent  full  value  of  field  current 
will  insure  the  polarity  being  correct.  Fig.  5  illustrates  one 
method  that  has  been  successfully  used  to  accomplish  the  above 
result.  A  converter  1  is  connected  to  the  positive  and  negative 
buses  through  automatic  circuit  breakers  and  has  its  neutral 
grounded.  There  is  also  a  storage  batter}^  2  connected  to  the 
buses  to  take  the  load  during  short  interruptions  on  the  alter- 
nating-current system.  When  the  fields  of  the  generators  open 
and  the  voltage  decreases,  current  will  flow  from  the  battery  into 
the  converter  until  the  breakers  open.  Then,  since  the  voltage 
of  the  rotary  is  not  sufficient  to  hold  up  the  relay  Rl,  the  plunger 
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of  this  relay  will  drop,  opening  its  own  circuit  and  closing  that 
of  relay  R2  which  connects  the  negative  bus  to  a  point  between 
the  field  coils  and  the  rheostat,  so  that  current  will  flow  from  the 
ground  through  the  transformers  to  the  armature  and  thence 
through  the  field  coils  and  rheostat  in  multiple  to  the  negative 
bus,  the  voltage  impressed  on  the  field  coils  being  half  normal 
and  in  the  direction  to  give  the  proper  polarity  at  the  brushes. 
Therefore,  when  the  converter  comes  up  to  speed  it  will  be  ready 
for  service. 


i25VoltDC.CifCul 


ToTrip  el  Oil  Swttdi 
in  Motor  Armctura 


Fig.  6 

Generators 

Resistance 
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6000  kv.a. 

0.6  ohm 
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3000     " 

1 

76    " 

1000  kw. 

2 

60    " 

Fig.  6 


When  no  battery  is  used  on  the  bus,  a  small  battery  capable 
of  furnishing  the  field  current  should  be  connected  between  the 
neutral  and  wire  marked  3  which  would  then  not  be  connected 
to  the  negative  bus.  In  order  to  prevent  the  relays  controlling 
the  a-c.  side  of  the  converter  from  tripping  while  the  converter 
is  out  of  synchronism,  they  should  be  set  for  about  400  per  cent 
normal  load. 

With  synchronous  motors  the  problem  is  more  difficult,  since 
they  lose  a  part  of  their  torque  as  soon  as  they  get  out  of  syn- 
chronism. In  this  case  it  becomes  necessary  to  reduce  the  load 
to  a  point  where  the  motor  will  pull  in  step.  One  method  of 
accomplishing  this  is  shown  in  Fig.  6  which  illustrates  the  con- 
nections for  reducing  the  load  on  a  motor-generator  until  the 
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th  t  a  protective  device  should  be  less  subject  to  trouble  than 
the  apparatus  which  it  protects. 
1)  The  modem  types  of  lightning  arresters  are  so  free  from 
hie  that  the  installation  of  a  fuse  in  series  with  the  arrester, 
f  the  ourpose  of  disconnecting  the  arrester  in  case  of  trouble, 
is  not  warranted. 

10  Absolute  immunity  from  lightning  troubles  cannot  be 
secured  by  an  installation  of  lightning  arresters. 

1 1  For  the  conditions  in  Chicago  the  installation  of  lightning 
rresters  for  the  protection  of  transformers  is  not  warranted  by 

the  saving  in  the  cost  of  repairs  to  transformers,  and  can  be 
'ustified  only  as  a  means  for  improving  the  quality  of  the  service. 

12  Great  care  should  be  used  in  attempting  to  draw  general 
conclusions  from  the  experience  obtained  from  a  few^  arresters, 
or  during  a  single  season  or  from  a  limited  area. 

13.  The  use  of  the  several  schemes  for  the  improvement  of 
the  lightning  protection  that  are  herein  described  can  reasonably 
be  expected  to  remove  at  least  90  per  cent  of  the  lightning  troubles 
formeriy  experienced. 
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load  after  its  poles  had  been  replaced  with  ones  with  very  low 
resistance  dampers.  However,  these  low  resistance  dampers 
give  very  low  torque  at  low  speed  and  make  it  practically  impos- 
sible to  start  the  motor  by  applying  low  voltage  at  normal 
frequency  to  the  armature,  making  it  necessary  to  start  with  an 
induction  motor.  When  a  heavy  current  flows  in  the  armature 
of  a  synchronous  motor  while  it  is  out  of  phase,  the  fields  are 
subjected  to  a  considerable  stress  by  induction  and  it  is  there- 
fore advisable,  though  not  necessary,  to  insert  reactors  in  the 

armature  leads.  This  reactance 
should  bring  the  total  of  the  cir- 
cuit to  about  20  or  25  per  cent, 
and  can  be  provided  in  the  wind- 
ing of  the  motor  in  new  machines. 
This  reactance  may  seem  rather 
high  but  the  motors  can  be  oper- 
ated at  unity  power  factor  under 
which  condition  it  will  have  no  bad 
effect,  and  when  the  motor  gets  out 
of  synchronism,  the  inductance  of 
the  armature  will  be  high  and  its 
voltage  will  be  in  phase  with  that 
of  the  reactance,  therefore  the 
voltage  across  the  armature  wind- 
ings will  be  materially  reduced. 
This  is  shown  graphically  in  Fig.  7. 
A  shows  the  distribution  of  volt- 
age between  the  armature  and  re- 
actance when  the  motor  is  operating  at  100  per  cent  power 
factor  while  B  shows  the  same  when  the  motor  is  running  out  of 
synchronism. 

Fig.  8,  which  shows  a  portion  of  a  voltmeter  chart  taken  at  a 
generating  station  protected  by  this  system  during  an  electrical 
storm,  illustrates  the  effect  of  lightning  strokes  on  the  service. 
The  voltage  was  compensated  for  constant  voltage  at  the  supply 
point,  therefore  the  shape  of  the  curve  shows  the  amount  of 
load  dropped  and  the  rate  at  which  it  was  restored. 

The  troubles  at  4.14  and  4.18  were  cleared  by  the  fields  being 
opened  after  the  trouble  had  been  on  for  four  seconds.  The 
trouble  at  4.22  was  cleared  by  other  devices  before  the  short 
circuit  had  been  on  long  enough  to  cause  the  fields  to  open. 
It  will  be  realized  that  the  instant  a  severe  short  circuit  occurs 
the  substation  machines  begin  to  slow  down  and,  when  the  fields 
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to  clear  temporary  short  circuits  on  distribution  feeders,  when 
the  short  circuits  are  of  such  a  nature  that  they  will  not  re- 
establish themselves  after  the  arc  is  once  broken. 

A  feeder  A  is  connected  through  an  electrically-controlled 
oil  switch  to  a  station  bus  B.  The  switch  C  Is  for  operating  the 
switch  manually,  and  relays  R\  and  R2  are  for  tripping  the 
switch  in  response  to  current  in  the  feeder,  and  serve  the  purpose 
of  the  usual  overload  relays.     Transformers   T\  and   T2  are 
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Fig.  11 

connected  one  on  either  side  of  the  oil  switch,  and  in  such  a  way 
that  when  the  oil  switch  is  closed  their  voltages  will  oppose 
each  other,  and  therefore  there  will  be  no  voltage  impressed  on 
relays  RZ  and  i?4.  Then,  when  an  arc  occurs  on  the  feeder, 
either  of  the  relays  R\  or  R2  may  trip  the  switch  but  as  soon  as 
the  current  is  interrupted  by  the  oil  switch  the  voltage  on  the 
two  transformers   Tl  and  T2  will  become  unbalanced,  which 
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Fig.  12 

will  cause  current  to  flow  through  relays  J?3  and  RA\  J?4  will 
pick  up  instantly,  but  RZ  being  a  time-limit  relay  will  start 
to  move  but  will  not  close  its  contacts  for  a  predetermined  time. 
When  relay  JR4  closes  its  contacts,  current  will  flow  through  relay 
Rby  which  will  close  its  contact,  and  thereby  close  the  oil  switch. 
I?  the  short  circuit  is  still  on  the  feeder  when  it  is  made  alive, 
relays  R\  and  R2  will  trip  the  switch  again  and  JR4  and  Rb  will 
close  the  switch  as  soon  as  the  potential  across  the  switch  is 
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unbalanced.  This  opening  and  closing  of  the  feeder  switch  will 
continue  until  the  relay  RZ  closes  its  contacts,  thereby  short- 
circuiting  the  upper  coil  of  relay  i?4,  which  will  prevent  this 
relay  from  further  operation  until  the  voltage  across  RZ  has  been 
reduced  to  zero  for  sufficient  time  for  it  to  return  to  its  starting 
position.  This  is  done  after  the  trouble  on  the  feeder  has  been 
cleared  by  opening  switch  E  and  closing  the  oil  switch  by  means 
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Fig.  13 

of  switch  C;  then  the  system  can  be  put  in  operation  again  by 
closing  switch  £.  If  the  arc  breaks  the  first  time  the  oil  switch 
opens,  RZ  will  return  to  its  starting  position  making  the  appara- 
tus self-setting. 

In  order  to  illustrate  the  accuracy  with  which  this  system 
operates,  and  its  effect  on  the  service,  I  have  shown  oscillograph 
records,  Figs.  11,  12,  13,  14  and  15,  which  were  taken  on  a 
6600-volt   system   protected   by   this   method.     The   arc   was 
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started  by  throwing  a  one-inch  (2.54  cm.)  spark  gap,  short-cir- 
cuited by  a  fuse  wire,  across  the  circuits. 

In  Figs.  11  and  12,  A  shows  the  bus  voltage  B  the  current  in 
one  leg  of  a  200-h.p.  induction  motor  carrying  full  load,  and  C 
the  voltage  on  the  feeder.  To  make  the  test  most  severe,  the 
short  was  made  near  the  switch  and  the  load  on  the  motor  was 
provided  by  a  direct-connected  generator  supplying  current  to  a 
resistance,  so  that  the  fly-wheel  effect  would  be  very  small.     It 
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. .»,  ,4   I. ill  cJtvi't  on  a  transmission  system,  can  be  found  in 

,  ,i   u.i'Uii  by  E.  E.  F.  Creighton  and  J.  T.  Whittlesey 

.  »-.t.  J  n.  Lhi- Tkansactions  of  the  A.  I.  E.  E.,  Vol.  XXXI, 
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Faulty  Cable  Localizer 

V\  (.J  kill).;  in  conjunction  with  the  suppressor  is  a  device  known 
I,  the  laiiliy  cable  localizer,  which  ser\'es  the  purpose  of  indi- 
«  aiiiiv:  I  he  ])articular  feeder  on  which  an  arc  to  ground  occurs. 
I  III.  device  consists  of  a  relay  connected  in  series  with  the 
luiiiial  of  the  feeder  current  transformers.  When  a  ground 
(Mt  urs,  the  secondary  current  of  the  transformers  becomes  un- 
balaiicccl,  and  causes  the  relay  to  operate.  This  in  turn,  rings 
a  hell  and  lights  a  pilot  lamp  which  indicates  the  faulty  feeder. 
It  takes  about  0.15  of  a  second  for  the  localizer  and  0.3  of  a 
hc'cond  for  the  suppressor  to  operate. 

There  is  one  record  of  a  15-minute  interruption  to  the  service 
in  the  Northern  Division  caused  by  a  cable  end  bell  short-circuit- 
inj^'  on  an  armature  load  of  a  generator  in  one  of  our  stations, 
before  the  suppressor  and  localizer  were  installed.  Shortly  after 
the  suppressor  and  localizer  were  put  in  service,  the  same  thing 
occurred  again  and  the  situation  was  handled  in  such  a  manner 
that  no  one  outside  of  the  power  station  was  the  wdser.  A  number 
of  instances  are  on  record  where  a  ground  has  occurred  on  sub- 
station buses  without  an  interruption  to  service. 

Cable  Testing 

As  a  further  means  of  reducing  our  cable  troubles  to  a  minimum 
we  made  a  careful  investigation  of  the  possible  causes  of  failure. 

For  the  first  few  years,  all  cable  was  installed  by  the  manu- 
facturer but  we  finally  took  over  this  work  ourselves,  with  the 
idea  of  improving  the  factors  entering  into  cable  installation 
as  much  as  possible. 

A  thorough  study  was  made  as  to  the  best  method  of  making 
cable  joints  and  particular  attention  was  given  to  such  factors  as 

1.  Favorable  weather  conditions, 

2.  Elimination  of  impurities,  air  and  moisture. 

3.  Application  of  insulating  varnish  between  each  layer  of 
tape. 

4.  Careful  and  even  winding  of  tape. 

5.  Improving  the  human  element. 

Aside  from  installationjprecautions,  we  have  made  it  a  practise 
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Discussion  on  "The  Restoration  of  Service  After  a 
Necessary  Interruption"  (Ricketts),  Cleveland, 
Ohio,  June  27,  1916. 

Harold  Goodwin,  Jr.:  These  relays  presented  by  Mr.  Rick- 
etts in  this  paper  are  most  interesting,  and  the  results  of  the 
operation  of  the  system  of  the  Baltimore  Consolidated  Gas, 
Electric  Light  &  Power  Company,  particularly  in  connection 
with  the  current  received  from  Holtwood  show  their  very  great 
efficiency. 

There  is  one  particular  point  to  which  I  wish  to  call  attention 
and  that  is  where  the  text  reads :  *  *  During  the  operation  of  the  de- 
vice, the  induction  motors  will  slow  down  and  come  back  to 
normal  speed,  but  the  relays  controlling  them  should  be  set  for  a 
rather  high  current,  say  400  per  cent  load,  to  prevent  them  from 
tripping  before  the  motors  are  up  to  speed.**  That  is  all  right,  I 
think,  if  the  motors  are  all  equipped  with  relays,  and  if  all  of 
the  motors  were  in  power  plants  handled  by  operatives,  but  as 
the  system  reaches  out  and  reaches  down  to  the  smaller  users 
of  current,  motors  are  connected  without  relay  equipment  but 
simply  fuses.  Were  all  the  fuses  capable  of  carrying  400  per  cent 
normal  current  they  would  fail  in  their  original  purpose  of  pro- 
tecting the  motor  under  abnormal  conditions  and  the  distribu- 
tion system  under  starting  conditions.  Without  going  into 
details  let  us  note  that  the  original  purposes  of  a  protective 
device  need  serious  consideration  before  an  extreme  setting  is 
adopted. 

R.  F.  Schuchardt:  Fig.  1  shows  a  balanced  relay  pro- 
tection, regarding  the  efficacy  of  which  I  can  give  testi- 
mony. On  the  system  in  Chicago  we  recently  had  a 
breakdown  in  the  armature  coil  of  a  generator  protected 
with  a  scheme  very  similar  to  that  shown  by  Mr.  Rick- 
etts. The  generator  switch  and  the  field  switch  were  very 
promptly  opened  by  the  relay  and  the  damage  in  the  generator 
was  limited  practically  to  a  single  coil.  The  value  of  the  relay 
in  this  operation  can  be  better  understood  by  comparing  with 
similar  breakdowns  which  occurred  years  ago  before  reactors 
were  installed,  the  generators  having  no  relays  of  any  kind. 
In  all  of  these  cases  the  operator,  who  has  a  clear  view  of  the 
generators,  saw  the  flash  and  very  promptly  opened  the  switch 
but  almost  invariably  all  coils  were  damaged. 

The  very  interesting  scheme  described,  in  which  the  field 
circuit  is  opened  during  certain  cases  of  trouble,  is  appar- 
ently applicable  primarily  to  overhead  transmission  lines 
and  considerable  modification  would  be  necessary  to  apply  it 
to  underground  systems.  The  arrangement  shown  in  Fig.  10 
can  be  applied  to  distribution  circuits  almost  tmiversally  and  is 
of  particular  value  where  these  circuits  are  overhead  and  where 
disturbances  which  cause  the  switch  to  open  are  often  only 
momentary.    It  would  be  worth  while  to  work  out  a  modification 
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K  bus  arrangement  was  then  desig^ned  which,  in  our  estimation, 
w->til<i  ai^proach  the  nearest  to  the  ideal,  and  called  the  "selective" 
hr5^^hcme,whiohisshowninFig.2. 
The  oonsiilerations  that   governed   in   deciding   on   this  bus 
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Fig.  2 — Selective  Bus  Scheme 
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The  scheme  is  made  for  six  generators  and  consists  of  one  loop 
tie  bus,  six  generator  buses,  and  six  feeder  group  buses  of  ten 
feeders  each. 

This  arrangement  of  connections  is  a  new  application  of  the 
old  arc  board  scheme  and  is  the  most  flexible  layout  known. 

By  means  of  the  feeder-selector  oil  switches,  the  feeder  oil 
switches  can  be  connected  to  one  or  the  other  of  two  given 
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the  operators  are  instructed  to  throw  the  switches  in  at  least 
twice  after  they  have  automatically  opened  during  a  lightning 
storm.  In  over  50  per  cent  of  the  cases  the  service  is  restored 
without  further  disturbance. 

I  wish  to  bring  out  one  point  as  a  warning  in  accepting  this 
method  of  restoring  service;  that  is,  this  method  cannot  be  used 
unless  the  switches  are  completely  automatic.  That  is,  unless 
they  will  immediately  open  if  thrown  in  on  a  short-circuited 
feeder. 

E.  T.  Street:  I  notice  that  the  scheme  devised  for  protecting 
the  generators  will  mtdtiply  very  largely  the  niunber  of  current 
transformers  on  the  system.  The  current  transformers  on  our 
system  have  given  us  a  good  deal  of  trouble,  and  I  am  of  the 
opinion  from  what  I  have  read,  and  I  ask  if  it  is  correct,  that 
the  burning  out  of  one  current  transformer  would  shut  down  the 
entire  station  until  the  transformer  was  found  and  isolated.  If 
that  is  true,  I  am  afraid  that  the  scheme  will  increase  the  lia- 
bility of  serious  trouble  from  a  small  cause. 

George  A.  Bumham:  There  is  one  point  which  might  be 
worthy  of  consideration,  in  reference  to  the  elimination  of  po- 
tential on  the  system  to  reduce  the  trouble  as  a  whole,  caused  by 
a  fault  in  one  of  the  generators. 

It  would  appear  to  be  a  disadvantage  to  reduce  the  potential 
to  zero  for  the  length  of  time  which  Mr.  Ricketts  states,  in  view 
of  the  fact  that  in  nearly  all  of  the  industrial  plants  either  the 
individual  switches  which  control  the  motors  or  the  service 
switches  are  equipped  with  no  voltage  release  of  the  instantane- 
ous type  and  the  loss  of  potential  at  these  attachments  wotdd 
undoubtedly  disconnect  a  very  large  portion  of  the  load  on  the 
system. 

The  arrangements  which  Mr.  Ricketts  has  described,  cotdd, 
it  seems  to  me,  be  utilized  more  effectively  and  with  less  lia- 
JDility  to  interruption  of  service,  if,  instead  of  opening  all  of  the 
field  switches  of  the  generators  on  the  occurrence  of  the  fault 
in  one  generator,  the  balanced  relay  tripped  only  the  switch 
of  the  fatdty  generator  and  then  aUow  the  movement  of  the 
generator  switch  to  disconnect  the  generator  field  switch  sub- 
sequently or  simultaneously.  This  would  reduce  the  potential 
to  zero  on  the  fatdty  generator  instantly  after  it  had  been  dis- 
connected from  the  bus  and  prevent  further  destruction.  It 
cotdd  easily  be  arranged  so  that  the  aforementioned  generator 
field  switch  would  be  non-automatic,  except  when  rendered 
automatic  by  the  operation  of  the  balanced  relay,  by  the  ad- 
dition of  an  extra  contact  on  the  relay  which  would  be  connected 
in  series  with  a  circuit-closing  switch  on  the  main  'generator 
breaker.  With  this  arrangement  it  would  appear  to  me  that  the 
faulty  generator  could  be  very  satisfactorily  disconnected  and 
the  potential  removed  from  said  generator  in  order  to  eliminate 
further  destruction,  without  it  being  necessary  to  remove  the 
potential  from  the  entire  system. 
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.» i\  ic  (Ml  rilKl  iVedcTS  are  connected  to  different  sections  of 
. :,    !>u  .,  u  I ,  iliiticult  to  obtain  balanced  currents  in  these  feeders. 
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In  the  selection  of  reactance  coils  best  adapted  to  meet  our 
requirements,  we  were  governed  by  the  following  factors: 
Cost 

Low  losses 
Space  occupied 
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Temperature  rise 
Ability  to  stand  short  circuits 
Freedom  from  inflammable  material. 

The  use  of  tie-bus  reactors  has  none  of  the    disadvantages 
of  the   bus-section  reactors,  and    does   limit    the    amount    of 
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Fig.  4 — Effect  of  Tik  Bus  Reactance  Short  Circuit  Current 


short-circuit  current  on  any  one  section  to  any  value  desired, 
depending  upon  the  amount  of  reactance  used.  For  this  reason, 
tie-bus  reactors  will  be  used,  connected  as  shown  in  Fig.  4. 
The  curves  in  this  figure  show  the  effect  of  tie-bus  reactance 
on  short-circuit  currents;  assuming  that  short  circuits  occur  at 
the  points  G,  K  and  M.     The  per  cent  tie-bus  reactance   per 
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grounded  neutral,  and  the  field-opening  device  is  also  used  on  the 
60,000-volt  transmission  line  from  the  generating  station  of  the 
Pennsylvania  Water  &  Power  Company  at  Holtwood,  Penn- 
sylvania, to  Baltimore,  although,  as  Mr,  Ricketts  mentions  in- 
cidentally in  his  paper,  in  that  case  the  timing  device  is  set  for 
four  seconds  instead  of  two  seconds,  as  used  in  the  Consolidated 
system.  The  reason  for  that  is  that  the  Pennsylvania  Water  & 
Power  Company  also  uses  the  Nicholson  device  and  Mr.  Ricketts' 
field  opening  device  is  so  set  as  to  give  the  Nicholson  device  a 
chance  to  operate  first,  and  then  if  that  fails  to  clear  the  trouble, 
or  does  not  succeed  in  entirely  clearing  the  trouble,  then  the 
field  opening  device  will  operate.  As  Mr.  Ricketts  points  out, 
that  delay  of  four  seconds  imposes  very  much  more  severe  con- 
ditions in  restoring  service. 

I  have  not  in  mind  figiwes  as  to  the  relative  amotmts  of  under- 
groimd  and  overhead  feeders  in  our  system — every  feeder,  as  I 
said  a  moment  ago,  goes  out  from  the  substation  underground, 
and  the  overhead  portion  is  limited  to  the  acutal  distribution 
portion  of  the  feeder;  many  of  the  feeders  distribute  entirely 
imderground,  and  the  system  is  applied  impartially  to  all  feeders. 
The  capacity  of  our  generating  station  at  the  present  time  is 
approximately  35,000  kv-a.  nominally,  and  will  be  increased 
within  the  next  couple  of  months  to  about  70,000  kv-a. 

I  might  say,  in  closing,  that  the  proof  of  the  pudding  is  in  the 
eating.  This  system  was  first  applied  to  a  suburban  substation 
at  which  no  operator  is  kept,  something  over  two  years  ago, 
and  it  has  operated  with  the  greatest  satisfaction.  When  a 
feeder  trips  out,  a  relay  closes  a  contact  and  rings  an  alarm  bell 
in  the  office  of  the  district  foreman,  about  three-quarters  of  a 
mile  distant.  That  bell  may  either  make  two  or  three,  or  even 
one  short  indication,  or  it  may  make  three  short  indications 
and  then  continue  to  ring.  In  other  words,  if  a  feeder  drops  out 
and  restores  at  once,  and  stays  in,  the  alarm  bell  will  so  indicate. 
If  it  drops  out  twice  and  restores  itself,  the  same.  If  the  feeder 
stays  out,  the  alarm  bell  continues  to  operate.  So  with  no  oper- 
ator within  three-quarters  of  a  mile  this  substation  is  taken  care 
of  by  this  device,  and  it  has  been  in  satisfactory  use  there  for 
about  two  years  and  a  half.  About  one  year  ago  five  other  sub- 
stations were  equipped  with  this  system,  and  at  the  present  time 
the  apparatus  is  ordered  with  which  to  equip  the  last  of  the  sub- 
stations of  the  company. 
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STUDIES   IN  LIGHTNING  PROTECTION   ON  4000-VOLT 

CIRCUITS 


BY  D.    W.    ROPER 

Abstract  of  Paper 

Investigations  forming  the  basis  of  the  paper  have  been 
carried  on  for  a  period  of  five  years.  They  were  made  on  a 
system  which  at  present  supplies  service  to  250,000  customers 
over  some  3000  miles  of  circuit,  through  about  16,000  trans- 
formers. During  the  experiments  a  number  of  theories  have 
been  tried  out  in  practise  and  the  results  of  the  experiments  are 
given  in  some  detail.  At  the  beginning  of  1915,  three  distinct 
types  of  arresters  and  three  schemes  of  protection  were  in  use. 
The  conditions  during  the  year  1915  and  the  records  obtained 
from  lightning  storms  during  the  year  are  set  forth  by  means 
of  a  number  of  maps,  drawings  and  tables.  An  analysis  of  the 
results  is  followed  oy  a  list  of  conclusions. 

The  several  methods  of  improving  the  lightning  protection 
have  together  resulted  in  eliminating  over  90  per  cent  of  the 
troubles  from  lightning. 


I — Description  of  the  System 
'T'HE  DISTRIBUTING  system  on  which  the  investigations 
•*•  herein  contained  were  made,  covers  about  180  square 
miles  in  the  city  of  Chicago,  and  supplies  about  250,000  customers 
through  about  16,000  transformers.  During  the  five  years 
covered  by  these  studies,  the  load  has  increased  from  28,600  kw. 
to  73,900  kw.  The  system  of  distribution  is  four-wire,  three- 
phase,  with  2400  volts  (nominally)  between  each  phase  wire 
and  the  neutral  wire,  the  latter  being  grounded  only  at  the  sub- 
stations. The  system  is  supplied  by  125  feeders  from  15  sub- 
stations, as  shown  in  Fig.  1.  All  of  the  feeders  leave  the  sub- 
stations in  four-conductor  underground  cable,  of  which  there 
are  over  200  miles  (321.8  km.)  On  the  average  the  feeders 
extend,  therefore,  nearly  two  miles  (3.2  km.)  underground 
before  connecting  to  the  overhead  liaes,  and  the  length  of  the 
overhead  feeders  is  about  25  per  cent  of  the  total  length.  There 
are,  roughly,  3000  miles  (4828  km.)  of  primary  distributing 
mains  of  which  less  than  10  per  cent  is  underground.  About 
100  of  the  distributing  transformers  are  located  in  manholes  or 
in  transformer  vaults  on  the  customers'  premises.    All  of  the 
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transformers  are  connected  between  the  neutral  wire  and  one 
phase  wire,  and  in  the  three  transformer  three-phase  installa- 
tions there  is  no  connection  to  the  neutral  wire  of  the  circuit. 
There  were  15,605  transformers  connected  to  the  line  on 
August  1st,  1915,  and  all  of  the  percentages  for  that  year  were 
based  on  the  records  of  transformers  installed  as  of  that  date. 
A  map  of  the  city  showing  the  distribution  of  transformers  is 
shown  in  Fig.  2. 


UNDERQROUNO  FUOCR 
FUOER 
ENDS 
SUBSTATION 
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Fig.  1 — Map  of  4000-Volt  Dis-        Fig.  2 — Transformers  in  Serv- 
TRiBUTiNG  Feeders  in  Chicago    ice  in  1915.  Each  Dot  Represents 

Ten  Transformers 


II — Preliminary  Studies 
As  the  object  of  the  investigation  was  to  improve  the  service 
a  preliminary  study  was  first  made  of  all  of  the  interruptions 
on  the  distribution  system,  which  were  classified  according  to 
their  cause.  This  showed  that  transformer  troubles  were  re- 
sponsible for  more  interruptions  to  service  than  any  other  single 
item,  and  also  that  a  large  fraction  of  all  transformer  troubles 
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were  primarily  due  to  lightning.  The  need  for  further  investi- 
gation of  our  lightning  protection  methods  was,  therefore,  very 
apparent. 

Upon  requesting  the  purchasing  agent  to  increase  the  size 
of  the  usual  order  for  lightning  arresters,  he  caused  some  embar- 
rassment by  inquiring  what  type  of  arrester  had  been  shown  by 
our  experience  to  be  best  suited  to  our  purposes.  The  only 
answer  that  could  be  given  to  this  question  was  that  the  arresters 
had  been  selected  in  very  much  the  same  manner  as  our  articles 
of  clothing,  that  is,  according  to  the  type  which  was  in  fashion 
at  the  moment ;  and  further,  that  the  methods  of  installing  the 
arresters  had  been  such  that  it  was  quite  impossible  to  tell  from 
any  operating  records  which  ari-ester,  if  any,  was  the  best.  It 
was  suggested,  in  the  absence  of  definite  information  on  the 
subject  which  would  warrant  a  change  in  practise,  that  it  seemed 
advisable  to  continue  to  buy  arresters  of  each  of  the  three  types 
that  were  then  in  use.  As  it  seemed  quite  important  to  deter- 
mine, if  possible,  which  was  the  best  arrester,  it  was  decided  that 
such  changes  in  the  methods  of  installation  should  be  made  as 
would  permit  the  keeping  of  records  that  would  assist  in  securing 
the  desired  information. 

•  III — Starting  the  Investigations 
The  first  step  in  the  investigation  was  to  make  a  careful 
record  of  all  transformer  fuses  blown  by  lightning  during  one 
severe  storm.  On  the  following  day  some  of  our  best  troublemen 
and  linemen  were  sent  out  to  examine  carefully  these  transformers 
for  signs  of  arcing  which  could  have  caused  the  blowing  of  the 
fuse,  and  in  about  80  per  cent  of  the  cases  the  men  were  success- 
ful. Most  of  the  signs  indicated  arcing  on  the  primary  terminal 
board  between  the  terminals,  or  from  the  terminals  to  the  cover. 
In  a  smaller  number  of  instances,  the  arcing  had  occurred  around 
the  primary  bushing  either  inside  or  outside  of  the  transformers, 
or  between  the  primary  lead  and  the  case.  Investigating  this 
matter  fiuther  it  was  found  that  the  repair  shop  had  been 
omitting  the  terminal  boards  from  all  transformers  which  they 
rewound,  or  from  those  which  were  turned  in  with  damaged 
terminal  boards.  Transformers  altered  in  this  manner  were 
found  to  have  a  very  excellent  service  record,  and  it  therefore 
appeared  that  the  advantages  of  the  practise  warranted  ftuther 
investigation.  For  this  purpose  one  circuit  was  selected  in  1911, 
to  which  were  connected  about  250  transformers,  and  all  of  the 
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;:.  ic  ttXi-,u\r.r*'A  that  :he  tirr.e  interval  betTreen  successive  or- 
t*:t  hrr.'ik'rr^  =ht^jli  ce  ecual  tc-  the  time  taken  fcr  the  circ:dt 
r.rr-.akrr  to  o^^^r.  its  ar:.  "iiIils  a  rr.arzin  ::  safety  to  inclTiie  varla- 
[.ififi,  an'l  if  there  are  several  f eerier  secticr^s  in  series  and  the 
r.rjuh!^  ^h'V^i  'te  near  the  ceneratinz  eni.  the  sh  :rt  circtiit  ntay 
r»fjt  'je  ''-leare*!  f:r  se"eral  seT'in-is.  '?'hi:h  means.  ':f  ci3":irse,  a 
i^'i'ts  sf  all  Symihrcnius  l-:ai  in  the  svs'err..  or  in  other  words,  a 
complete  interr-iition  t»:  the  se: — i:e. 

Fr'.m.  the  ftreiZ'-in^.  it   :an  *::e  seen  thj.t  irre<iet:ti"e  ■::  the 


leratmr  contranies 


jreat  m^any  m-re  I'-ns-jmers  than  is  r.etressar;;.-. 

r-<ults  are  .ttained  h"  usinz  them  'ii^^ith  a  raiial  -iistrihution 
system.:  <:-r.  ir.  -.the^  "'".■ris.  m.'.st  r^tr'atirz  cO'm.t.ir.ies  ^et  the 
best  restilt^  z"  aia^::r.^-  th-:ir  systems  t.?  m.eet  the  faiilts  ir.  the 
re.i'*  rather  than  -iesi^'n  a  re. ay  t-'r  a  m.mim.nm.  cacle  outlay. 
A  "T-ell  'iesimed  transm.issi-.n  system,  is  :-r.e  's'mirh  has  the 
:  ill  "."^mg  characteristics. 

1.  >aiet3/  in  ot-erati-i-n  *'.r  em.i.'  y'-jes  wir.-i  'r.e  ^encmu  '. ub.ic: 

2.  Snitahilitv  -jf  su'ilv  '>:-t  the  7ur"''-se  rec-nreii. 

Therefc-re,  the  quest:-' n  res-i-h  vs  :t-el:  :nt''  'i-ne  ot  design,  as 
'•"■'aS  been  srjz-^-T.. 

Failure  -'•:  su: ;  ly  :-  usually  -jauseti  zy  creak ic^n  of  trans- 
mission and  the  cr:m..im-  :  rucautin  is  therefore  careful  attention 
t<  -  lesion,  m.ar.ufacture  and  m.ain:enance  <:-f  the  various  parts  of 
the  system.,  but  sir::e  n.-  a:_iaratus  can  be  m.ade  absolutely 
im.m.ure  from,  break i:-An  -^.r  extem.al  dam.age.  the  secondary- 
^.rtcau'i'  n  is  -.'-  m.ak"-:  amar^'em.ents  s«:  that  the  ertects  of  a 
'".  reak'!-.':^'n  t<  •  'any  ;  art  v.:  ".h?:  system,  are  localized  as  much  as 

Ir.  s^.'m.c  .a-~*:s.  -u  ::  :  rjvauti'.'r.s  ruiy  n:e.tn  Tncreas<:;d  caMtal 
cost,  but  ur.  !■  -ubtedly  res'-ilt  ir.  a  net  ec'-n-jniy  if  a  bn?ad  \-iew  is 
taken. 

Fom.unatcly.  h'j'v.----r.  '^:':\\  -icsi^neii  a;  :..ciratus  does  not  neces- 
tarily  ccst  m.^ine  than  ha-ily  designed  aycaratus  and  it  is  possible 
"o  chearen  the  system,   hy  cl-jser  lL»calizati.^n  oi  breakdowns. 

Balanced  Selectne  R-^ay.  In  ct:nnec:ion  u-ith  the  seven  tie 
feede.^s  bet  veer.  Citv  Do-ck  and  Mari-jn.  m.entioned  elsewhere  in 
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equaled  the  number  of  transformers  instead  of  being  only  a 
small  fraction  of  their  number;  (2)  the  arresters  were  placed  on 
the  transformer  poles  instead  of  on  the  line  poles. 

VI — Analysis  of  Results  Obtained  in  1912  and  1913 
Late  in  the  year  1912,  a  study  was  made  of  two  of  the  most 
severe  lightning  storms  which  had  occurred  during  the  season  in  an 
endeavor  to  find  a  fair  basis  for  the  comparison  of  the  several 
types  of  arresters.  As  the  100  per  cent  areas  showed  an  almost 
entire  absence  of  lightning  trouble  in  these  two  storms,  it  was 
at  first  thought  that  the  solution  of  the  problem  had  been 
reached.  To  check  the  conclusion,  a  map  of  the  city  was  pre- 
pared on  which  the  100  per  cent  areas  were  shown  by  colored 
pasters.  Then  the  areas  covered  by  other  circuits  on  which  there 
had  been  no  trouble  whatever  during  the  same  storms  was  shown 
by  pasters  of  a  different  color.  Upon  completion  of  the  map  it 
was  discovered  that  there  were  a  nimiber  of  areas,  protected  only 
by  a  few  arresters  on  the  line  poles,  which  were  entirely  free 
from  lightning  trouble,  some  of  them  being  located  adjacent 
to  the  100  per  cent  areas. 

The  records  of  this  year,  and  the  map  with  the  pasters  of 
several  colors  showing  the  circuits  on  which  there  was  no  trouble, 
indicated  very  plainly  that  it  was  quite  impossible  to  definitely 
determine  from  the  records,  or  from  any  subsequent  examination 
on  the  ground,  whether  the  freedom  from  trouble  was  due  to 
the  perfection  of  the  protection  or  to  absence  of  lightning,  and 
no  method  has  yet  been  discovered  for  overcoming  the  diflSculty. 
The  cause  of  the  difficulty  is  the  fact  that,  the  only  means 
available  for  determining  the  presence  of  lightning  and  its  relative 
intensity,  is  by  the  phenomona  that  are  to  be  reduced  by  means 
of  the  improved  lightning  protection;  and  that  having  installed 
the  lightning  arresters  and  discovered  a  reduction  in  the  trouble, 
there  is  no  means  of  telling  how  much  trouble  there  would  have 
been  were  the  lightning  arresters  absent.  For  the  same  reason 
it  is  impossible  to  recognize  a  imiformly  distributed  lightning 
storm,  should  it  occur,  although  such  a  storm  would  greatly 
simplify  these  investigations.  An  endeavor  was  made  to  secure 
an  independent  reference  standard  by  consulting  the  records  of 
the  telephone  company,  but  it  was  found  that  during  the  period 
covered  by  these  investigations,  they  were  rapidly  replacing 
their  overhead  open  wire  construction  with  aerial  cable,  and 
that  this  change  greatly  reduced  the  amount  of  trouble  on  their 
lines  during  lightning  storms. 
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As  a  result  of  the  experience  in  1912,  it  was  decided  that  the 
scheme  of  installing  the  arresters  on  the  transformer  poles  gave 
promise  of  beneficial  results,  and  that  in  order  to  secure  more 
reliable  information  regarding  the  relative  merits  of  the  several 
types  of  arresters,  the  100  per  cent  areas  should  be  enlarged  by 
the  addition  of  several  circuits,  each  having  but  one  type  of 
arrester. 

The  information  obtained  from  the  circuit  from  which  the 
terminal  boards  had  been  removed,  was  indefinite  and  not  at  all 
conclusive,  due  apparently,  to  the  fact  that  a  sufficient  number 
of  transformers  were  not  included  in  the  experiment.  It  was, 
therefore,  decided  to  remove  the  terminal  boards  from  a  larger 
number  of  transformers,  so  that  at  the  opening  of  the  lightning 
season  in  1913,  there  were  a  total  of  about  1600  transformers 
which  had  been  altered  in  this  manner. 

The  records  obtained  during  1913  demonstrated,  first,  that 
the  removal  of  the  terminal  boards  from  transformers  would 
eliminate  about  60  per  cent  of  the  troubles  due  to  lightning,  and 
second,  that  the  installation  of  lightning  arresters  on  the  same 
pole  with  each  transformer  made  a  very  considerable  further 
reduction  in  the  amount  of  trouble  from  lightning,  as  compared 
with  our  previous  practise  of  installing  a  few  arresters  on  the 
line  poles.  (The  experiments  from  which  these  results  were 
obtained  were  described  in  further  detail  in  a  paper  read  by 
the  author  before  the  Pittsfield  meeting  of  the  A.  I.  E.  E.,  May, 
1914.) 

As  a  result  of  the  experiments  with  the  terminal  boards,  it 
was  decided  that  it  was  desirable  to  remove  the  terminal  boards 
from  all  transformers  which  were  returned  to  the  storeroom  for  any 
reason,  and  orders  to  this  effect  were  issued  early  in  1914.  At 
about  the  same  time  it  was  specified  that  all  new  transformers 
should  be  without  terminal  boards.  During  the  period  that  has 
elapsed  since  these  changes  in  our  practise  were  adopted,  the 
number  of  transformers  from  which  the  terminal  boards  were 
removed  has  approximately  equaled  the  new  transformers 
installed  on  our  lines,  each  figure  being  about  10  per  cent  per 
year. 

VII — Ratio    between    Fuses    Blown    and    Transformers 

Burned  Out 
In  the  investigation  of  the  storms  that  occurred  in  1912,  it 
was  noted  that  a  fairly  constant  ratio  existed  between  the  number 
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of  blown  primary  fuses  and  the  transformers  burned  out  by 
lightning.  As  the  number  of  burnouts  by  lightning  per  year  was 
approximately  125,  and  as  the  number  of  transformers  in  the 
100  per  cent  areas  was  only  a  small  fraction  of  the  total,  it  was 
thought  that  more  accurate  data  and  a  better  comparison  of 
the  several  types  of  arresters  could  be  secured  by  using  the  larger 
number.  It  was.  therefore,  arranged  to  keep  careful  records 
of  all  primary  fuses  blown,  as  well  as  of  the  transformer  burnouts. 
These  records  and  the  ratio  of  the  two  quantities  over  a 
period  of  four  years  is  shown  in  Fig.  3.    From  this  figure  it 

is  very  apparent  that,  while 
the  ratio  may  perhaps  be 
fairly  constant  during  one 
lightning  season,  it  has 
decreased  very  considerably 
during  the  four  years.  It  is 
therefore  quite  impossible  to 
use  the  record  of  blown  pri- 
mary fuses  instead  of  the  record 
of  burned  out  transformers, 
in  the  manner  described,  for 
the  purpose  of  comparing  one 
year's  records  with  another. 
The  meaning  of  the  reduc- 
tion in  the  ratio  will  be  dis- 
cussed in  connection  with 
the  results  obtained  during 
1915. 
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Fig.  3  —  Record  for  Several 
Years  of  Primary  Fuses  Blown 
AND  Transformers  Burned  Out  by 
Lightning  and  Their  Ratio 


VIII — Grounding  of  Transformer  Cases 
The  theory  was  also  advanced  that  the  grounding  of  the  trans- 
former cases  would  improve  the  lightning  protection.  In  order 
to  test  this  theory,  three  circuits  on  which  there  were  about 
600  transformers  were  selected,  and  each  of  the  transformer 
cases  was  connected  to  the  lightning  arrester  ground  wire  through 
a  primary  cut-out.  This  cut-out,  with  a  piece  of  copper  wire  in 
place  of  the  fuse,  was  located  so  that  a  lineman  climbing  the 
pole  could  readily  remove  the  plug  from  the  cut-out,  and  in 
this  manner  remove  any  hazard  which  might  exist  due  to  the 
grounded  transformer  case.  Careful  records  were  kept  of  this 
installation  for  a  number  of  years.  While  it  is  entirely  possible 
that  the  number  of  transformers  included  in  the  experiment 
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was  inadequate  for  the  purpose,  and  the  records  misleading  due 
to  the  variableness  of  lightning  storms,  the  results  for  three 
years  appear  to  indicate  that  the  grounding  of  the  transformer 
cases  has  but  little  effect  upon  the  eflSciency  of  the  lightning 
protection.  As  a  matter  of  fact,  there  was  slightly  more  trouble 
on  these  particular  circuits  than  the  average  for  other  circuits, 
this  trpuble  taking  the  nature  of  the  burning  off  of  the  primary 
leads  at  or  near  the  primary  bushings.  The  area  which  was 
selected  for  this  trial  happened  to  be  one  of  the  older  districts 
containing  transformers  which  were  considerably  above  the 
average  age  of  all  on  the  system.  It  is  possible  that  the  results 
would  have  been  different  with  a  modem  type  of  transformer 
supplied  with  a  larger  primary  bushing. 

For  the  reasons  above  given,  the  scheme  of  grounding  the 
transformer  cases  has  been  abandoned,  and  the  ground  connec- 
tions installed  for  this  ptirpose  have  been  removed. 

IX — Increasing  the  Size  of  Transformer  Primary  Fuses 
Previous  to  the  time  of  starting  these  experiments,  it  had 
been  assumed  that  one  of  the  principal  objects  of  the  primary 
fuse  was  to  .protect  the  transformers  from  overload,  and  the 
sizes  of  the  fuses  were  proportioned  to  the  capacity  of  the  trans- 
former. It  was  noted,  however,  that  many  fuses  blew  for  which 
no  cause  could  be  found,  and  it  was  apparent  that  many  fuses 
were  blowing  imnecessarily.  After  some  discussion  the  old 
theory  was  abandoned,  and  instead  a  new  theory  was  adopted, 
that  the  object  of  the  primary  fuse  was  to  protect  the  service 
by  disconnecting  a  defective  transformer.  As  there  were  only 
two  types  of  cut-outs  in  use,  25-ampere  fuses  were  determined 
upon  for  use  in  the  smaller  cut-out  for  all  transformers  up  to 
and  including  10  kw.,  and  40-ampere  fuses  in  the  larger  cut-out 
for  transformers  from  15  to  40-kw.  capacity.  Larger  transformers 
are  generally  connected  to  the  line  without  cut-outs.  This 
rule,  adopted  in  March  1914,  was  made  to  apply  to  all  trans- 
formers installed,  or  to  any  fuses  replaced  for  any  reason  after 
that  date.  This  change  in  practise  has  resulted  in  a  large  reduc- 
tion in  the  niunber  of  transformer  fuses  blown  by  other  causes 
than  lightning,  but  it  is  not  clear  that  this  change  would  have 
any  serious  effect  on  the  blowing  of  fuses  due  to  lightning,  as 
this  would  mean  that  an  arc  started  by  the  lightning  would  blow 
a  five  ampere  fuse,  for  example,  but  that  the  arc  might  go  out 
automatically  without  blowing  a  25-ampere  fuse.     The  facts 
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Potential  Indicating  Devices 
Electrostatic  potential  indicating  devices  are  used  to  indicate 
potential  on  feeder  circuits.  The  instrument  is  connected  to 
the  middle  point  of  two  strain  insulators  in  series,  which  are 
connected  between  each  live  wire  and  the  ground.  The  dis- 
placement current  through  the  insulators  is  sufficient  to  operate 
the  instrument. 

Another  method  of  obtaining  the  voltage  indications  is  to 
install  potential  transformers  whose  secondaries  are  connected 
to  indicating  lamps  or  voltmeters.  However,  this  means  is 
rather  expensive  and  the  required  space  for  potential  transformers 
is  not  always  available. 

It  would  therefore  seem  that  the  potential  indicating  device 
now  on  the  market  might  fill  a  long  felt  want. 
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the  installation  of  arresters  on  the  transformer  poles,  it  was 
decided  that  the  extra  expense  of  such  installations  was  warranted 
in  the  case  of  important  customers.  Beginning  in  February, 
1913,  the  plan  was  therefore  adopted,  of  installing  a  lightning 
arrester  on  the  same  pole  with  each  transformer  of  15-kw.  capac- 
ity or  larger.  In  March,  1914,  this  rule  was  altered  so  as  to 
include  all  transformers  of  7.5  kw.  and  larger,  which  were 
thereafter  installed,  changed  or  moved.  A  few  weeks  later  the 
rule  was  extended  so  as  to  include  all  transformers  for  supplying 
power  customeis,  regardless  of  their  size.  In  April,  1915,  the 
rule  was  again  altered  so  as  to  include  all  transformers  above 
3-kw.  capacity. 

XIV — Conditions  at  the  Beginning  of  1915 

At  the  opening  of  the  lightning  season  in  1915  there  were  in 
service  three  classes  of  protection,  designated  hereinafter  as 
classes  A,  B  and  C  and  described  as  follows: 

Class  A.  This  includes  the  transformers  which  have  an  arrester 
on  the  same  pole,  and  which  are  located  in  the  so-called  100 
per  cent  areas,  that  is,  in  areas  in  which  each  transformer  is 
similiarly  protected. 

Class  B.  This  includes  the  transformers  outside  of  the  100 
per  cent  areas,  which  are  protected  by  arresters  on  the  same  pole, 
as  the  result  of  the  rules  adopted  from  time  to  time  and  set  forth 
under  heading  XIII. 

Class  C.  This  includes  all  transformers  that  are  not  pro- 
tected by  arresters  on  the  same  pole,  and  together  with  the 
class  B  includes  all  transformers  outside  the  100  per  cent  areas. 

All  transformers  included  in  this  investigation  come  under 
one  of  the  throe  above  described  classes.  There  are  no  lightning 
arresters  installed  on  line  poles  for  the  protection  of  transformers, 
except  in  a  very  few  isolated  cases  where  the  equipment  of  other 
companies  on  jointly  owned  transformer  poles  interfered  with 
the  installation  of  the  arrester  on  such  poles. 

The  manner  in  which  the  several  types  of  arresters  were  dis- 
tributed throughout  the  city  is  shown  in  Fig.  5.  The  letters  X, 
Y  and  Z  used  on  this  map  serve  to  designate  the  several  types 
of  arresters,  and  these  letters  are  used  throughout  the  various 
tables  and  discussions.  The  heavy  shading  on  this  map  indicates 
the  100  per  cent  protection  areas,  and  for  convenience  in  making 
comparisons,  the  boundaries  of  these  areas  have  been  shown 
by  heavy  lines  on  other  similar  maps.    Each  of  the  several  areas 
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With  these  isolating  transformers  the  disturbance  of  an  acci- 
dental arcing  ground  on  one  section  is  confined  entirely  to  that 
section,  and  still  power  is  transmitted  without  interference  to 
and  from  all  other  sections  as  under  normal  conditions. 

On  each  section  where  an  accidental  arcing  ground  takes 
place  the  proper  protective  devices  should  be  used  to  protect 
from  abnormal  voltages.  The  arcing  ground  suppressor  has 
been  recommended  and  used.  It  is  not  the  object  of  this  article 
to  treat  these  details  but  simply  to  record  the  successful  use  of 
the  isolating  transformer  which  limits  the  disturbances  to  one 
part  of  a  large  system. 
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Discussion  on  "Studies  in  Lightning  Protection  on  4000- 
VoLT  Circuits"  (Roper).  ^'Experience  and  Recent  De- 
velopments IN  Central  Station  Protective  Fea- 
tures" (Pollard-La wson),  "Protection  of  High- Vol- 
tage Distribution  Systems  By  Isolating  Transformers" 
(Rider),    Cleveland,   Ohio.  June   28,    1916, 

E.  E.  F.  Creighton:  Of  Mr.  Roper's  paper  I  will  say,  first,  that  I 
think  it  is  a  piece  of  scientific  work  on  a  magnificent  scale  of  very 
great  value  to  the  electrical  industr>-.  It  differs  from  most  of  the 
work,  in  that  it  is  finished.  The  whole  electrical  industr\'  is  bene- 
fited, new  principles  have  been  proved  and  some  principles  have 
been  disproved  and  discarded.  There  \sill  be  a  chance  to  get  better 
ser\'ice  on  the  part  of  those  who  wish  it.  and  better  lightning 
arresters.  From  my  own  standpoint  I  wish  to  acknowledge 
a  great  benefit  derived  from  Mr.  Roper's  work  in  that  it  made 
possible  to  choose  between  several  factors  of  design  of  lightning 
arresters,  and  thereby  improved  the  product  for  ever\'body. 

Apparently,  from  the  way  in  which  Mr.  Roper  has  presented 
this  paper,  it  was  a  ver\'  simple  affair,  but  I  assure  you  that  the 
thousands  of  data  which  he  has  collected  were  in  a  very  chaotic 
condition,  and  it  required  the  highest  sort  of  analysis  in  order 
to  bring  some  sort  of  order  out  of  this  chaos.  All  sorts  of  antag- 
onistic results  were  obtained — they  are  all  simple  enough  now- 
after  Mr.  Roper  has  analyzed  them  and  told  us  why  they  are 
antagonistic,  and  he  has  been  able  by  that  method  to  discard 
certain  parts  and  draw  proper  inferences  from  other  parts. 

I  want  to  pass  on  now  to  the  other  papers,  not  as  a  discussion, 
but  simply  to  point  out  certain  factors.  Take  the  next  paper 
by  Mr.  Pollard  and  Mr.  Lawson — this  is  a  paper  of  a  different 
character.  It  is  a  record  of  progress  with  new  apparatus.  The 
modest  presentation  of  the  subject  gives  an  inadequate  idea  of 
its  importance. 

It  seems  to  me  a  very  good  time  to  bring  out  the  importance  of 
the  arcing  j^'round  suppressor  in  the  problem  of  grounding  the  neu- 
tral. This  discussion,  by  silence,  yesterday,  related  to  one  of  the 
very  big  interests,  the  telephone  interests,  and  the  possibility  of  in- 
terference between  the  power  circuits  and  the  telephone  circuits. 
The  interference,  unfortunately,  is  all  in  one  direction,  since 
the  telephone  circuits  have  such  a  tiny  amount  of  power  they 
cannot  in  any  way  interfere  with  the  power  circuit. 

These  are  two  big  public  service  interests  in  which  we  are  all 
interested  and  which  we  want  to  see  successful,  and  this  problem 
is  not  one  for  the  lawyers,  but  one  for  the  engineers.  If  the 
engineers  cannot  get  together  and  decide  what  can  be  dotie  to 
minimize  the  effects  of  interference,  the  law  court  is  a  poor  place 
to  go,  and  the  spirit  which  has  been  manifested  on  the  two  sides 
of  this  particular  case — I  was  able  to  see  it  because  I  was  brought 
in  as  a  third  party  in  the  discussion  of  the  value  of  the  arcing 
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TABLE  III.     {CofUinutd) 

CLASSIFIED  LIST  OP  TRANSFORMERS  BURNED  OUT 

BY  LIGHTNING  IN  1916. 
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C.  P.  Steinmet7:     Rrvenmr  fir  a  m.n-.en:  :>:  :be  infi'v-idu^ 

r.ri^  t?-^  C'-T. '.'"j.^"-  n  *r.ii  £L"*r-'.^^rh  Iv'.'  i*t:T  ccni  rr:'"c*cii:*ii  is  not 

rrei'.er  tr.^n  ir.t  :  'y-\  ::  re:  air.n^  f^n-.a^e  ::  :ran>:  :»rrr-ers  result- 
:r.;:  fr'im  le-f  t'tTfeit  tr::e:t::n.  nevenhe'-e^f.  he  introiiuced 
l^**"-'  7,»er  c^ent  t.r:*t::::'n  a-  qtiick'y  af  t'>^si:le  ^ktsotz^k:  reliability 
i-  the  a-'':n:t'tr*.ant  c-e-::.n.  Unf .Tinniitr'y.  i:  is  not  ever>' 
e'ettri'ja',  -y^:en:  wr.iih  tkkes  that  attittite:  it  is  far  fron:  h«ein£ 
*he  ca-:^.  There  are.  inte^^i  rr.any  that  have  n:-:  reached  the 
h:-'h  -tar.^arc  w?.::h  :he  w.r.  t  -R-il'  cent  ant  in  the  fntTire,  but 
*.r.'>«e  '7;'r}.\'7^  r.ave  at:i:et  :h:s  >:antar't  inclnoe  I  rr.ay  sa},  prac- 

':i  *r.T  •'•-'!  E.'ZK.T.  ir.ree-'R'tre  d-c.  >y?tent- 

In  ?Vir.  R-iter-  tat'er  i5  another  interesting  an-i  significant 
'-'aterr.er*. .  narr.e'.v.  that  the  ncn-gri'tinie:^  delta  svstem  has 
'-•een  'referret.  N-^w.  there  are  many  en^lneer^.  e>r»ecia!iy  in 
'he  V»'»r-t.  who>e  e^it^erience  ha.s  '!'»een  dinerent.  and  who  from 
tr.'^r  ext'er.ene  prefer  a  irrtunied  V  system  «.'t  transmission, 
vt:t  the  e>::/.anat:on  oi  thi^  at-t^arent  dinerence  of  opinion  is  con- 
ta:ned  :n  Mr.  Rider  s  patter  in  the  statentent  that  one  require- 
rrert  >  at  ah  t:me^  -^re-eminent,  nam.ehr,  STit'th>"in£:  continuous 
-er.-ice  ':'ver  the  *hree  vrire-.  It  is  hpi-Uiiht  cut,  as  sharply  as 
:t  can  he  that  the  re! at: or  between  the  is^c-lated  deka  and  the 
;:r'."^nded  Y  i-  that  of  reharility  of  service  as  compared  with 
^heat.re--.  and  vrr^ert  it  :-  desired,  at  the  ieas:  investment,  to 
;.'et  -ome  kind  of  -er/ice  there  the  crc'unded  "n-ire  has  the  ad- 
■ar/.are.  he-'a-j-e  v.-ith  the  *ine  in-u'ated  to  a  lesser  degree  this 
-y^-tem  ;'ive^  le-s  tro-jirle.  But  where  rehability  first  is  the 
TTedomir.ant  feature,  a-  i*  m.u-t  'Ne  in  :hr»se  great  systems  which 
rea'iiy  de-ire  f*  chanije  the  statem.ent.  that  the  good  and  old 
re':a:;]e  i=  n'''t  the  e'ectnic  ^i^rht.  hut  the  tahow  candle,  there  the 
:>ojated  delta  is  use^'i 

The  pre-em.inent  importance  of  a  high  degree  of  reliability  is 
:/re-.ent  throughout  ah  the  argument^  of  the  three  papers,  and 
:-  ^u?^stantiated  to  sonte  extent,  by  exr»erience  in  establishing 
ar.d  maintaining  such  reliability.  It  is  in  reality  a  great  social 
T/r'-Zolem  in'/olving  the  organizing  of  a  universal  power  dis- 
*r:bution  and  supply  by  electricity,  different  phases  of  which 
are  '-everally  dealt  with  in  these  papers. 

Mr.  Rider's  pa7>er  deah  \\-ith  one  phase  of  it,  that  of  country 
di'-tribution:  Mr.  Ro7>er's  paper  deals  with  another  phase  of 
it.  that  of  city  di>tribution,  and  the  third  paper  deals  with 
-ration  control  and  system  control.  But  when  electrical  engi- 
neering enters  the  field  of  taking  over  the  universal  power  supply 
of  the  community,  of  the  nation,  they  must  then  go  beyond  the 
old  conception  of  trying  to  organize  so  as,  with  the  minimum 
possible  investment,  to  get  the  maximum  immediate  rettims, 
becau-e  as  soon  a^  they  undertake  a  universal  problem,  a  social 


1016] 


ROPER:  LIGHTNING  PROTECTION 


671 


The  location  of  all  the  transformers  burned  out  by  lightning 
in  1915  is  shown  in  Fig.  6,  and  the  fuses  blown  by  lightning 
are  shown  in  a  sin^lar  way  in  Fig.  7.  By  comparing  these  maps 
with  Fig.  2  it  will  be  noted  that  in  the  100  per  cent  areas  where 
the  transformers  are  most  ntmierous,  the  burnouts  and  fuses 
blown  were  quite  scattering,  while  outside  of  the  100  per  cent 
areas,  in  which  regions  the  transformers  are  not  so  numerous 


Fig.  6 — Transformer  Burn- 
OuTS  Due  to  Lightning  1915. 
Each  Dot  Represents  One 
Burn-Out 


Fig.    7 — Fuses 
Lightning      1915. 
Represents    One 
MARY  Fuse 


Blown       by 

Each      Dot 

Blown    Pri- 


that  the  burn-outs  and  fuses  blown  are  more  numerous,  thus 
indicating  a  distinct  reduction  in  the  percentage  of  burn-outs 
and  fuses  blown  within  the  100  per  cent  areas. 

Fig.  8  is  a  diagram  showing  the  number  of  fuses  blown  and 
transformers  burned  out  by  lightning  during  the  year,  the 
arrangement  being  by  districts.  The  boundaries  of  the  districts 
are  North  Avenue  and  39th  Street,  extending  across  the  city 
from  east  to  west.    The  districts  are  numbered  in  order,  District 
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No.  1  being  at  the  north  and  No.  3  at  the  south  end  of  the  city. 
This  diagram  shows  how  the  various  lightning  storms  were  dis- 
tributed throughout  the  season  and  among  the  various  sections 
of  the  city.    From  this  diagram  the  impression  is  obtained  that 
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the  storms  of  May  15th  and  August  16th  were  somewhat  more 
erratic  than  the  other  storms  and  for  the  purpose  of  elucidating 
this  point,  the  effects  of  these  two  storms  are  shown  graphically 
in  Figs.  9  and  10. 
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Fig.  9 — Transformer  Burn-Outs  and  Fuses  Blown  by  Lightning 
Storm  May  15,  1915 


HCMTV  SrvtNTN 


Fig.  10— Lightning  Storm   of  Aug.    16,   1915 


TABLB  IV 
RECORD  OP  TROUBLES  DUE  TO  LIGHTNING  STORMS  DURING  1915. 
ARRANGED  BY  AREAS. 


Transformers 

Primary  fuses 

Type  of 

Class  of 

Trans- 

burned out 

blown  only 

Area 

arrester 

protec- 

formers 

No. 

tion 

in  area 

No. 

Per  ctnt 

No. 

Per  cent 

3 

X 

A 

1299 

1 

0.077 

17 

1.31 

8 

280 

0 

0 

3 

1.07 

16 

7i0 

1 

0.141 

6 

0.84 

•  • 

2289 

2 

0.087 

26 

1.13 

5 

Y 

A 

1311 

2 

0.015 

19 

1.45 

7 

, , 

492 

0 

0. 

« 

1.02 

13 

975 

1 

0.102 

11 

1.13 

.. 

•  • 

•  • 

2778 

3 

0.108 

35 

1.26 

6 

Z 

A 

590 

3 

0.61 

8 

1.35 

14 

506 

3 

0.69 

7 

1.38 

16 

414 

1 

0.24 

7 

1.69 

18 

194 

3 

1.64 

5 

2.68 

1 

117 

0 

0 

0 

0 

17 

714 

5 

0.70 

9 

1.26 

2535 

15 

0.5P 

36 

1.42 

Total 

All 

A 

7602 

20 

0.26 

97 

1.27 

2 

X 

B 

60 

1 

1.67 

0 

0 

10 

198 

0 

0 

2 

l.Oi 

268 

1 

0.39 

2 

0.77 

4 

Y 

B 

136 

0 

0 

1 

0.73 

11 

358 

0 

0 

2 

0.56 

20 

126 

0 

0 

0 

0 

21 

5 

0 

0 

0 

0 

626 

0 

0 

3 

0.48 

0 

Z 

B 

406 

2 

0.49 

4 

0.98 

12 

31 

0 

0 

0 

0 

19 

386 

2 

0.52 

6 

1.29 

•• 

822 

4 

0.49 

9 

1.09 

Total 

All 

B 

1706 

5 

0.29 

14 

0.82 

2 

X 

C 

394 

1 

0.25 

16 

4.06 

10 

824 

* 

0.61 

19 

2.31 

•• 

1218 

6 

0.49 

36 

2.88 

4 

Y 

C 

1504 

21 

1.40 

72 

4.78 

11 

746 

8 

1.07 

16 

2.14 

20 

586 

31 

5.29 

88 

16.01 

21 

48 

2 

4.16 

0 

0 

2884 

62 

2.14 

176 

6.10 

9 

Z 

c 

1076 

6 

0.66 

26 

2.32 

12 

66 

2 

3.03 

0 

0 

19 

•• 

1064 

22 

2.08 

36 

3.32 

2196 

30 

1.36 

60 

2.73 

Total 

All 

c 

6298 

98 

1.66 

271 

4.30 

GwAND  Totals 


15.606 


123 


.79 


882 


2.44 
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Table  IV  gives  a  record,  by  areas,  of  the  transformer  trouble 
due  to  lightning,  segregated  by  the  type  of  arrester  and  class 
of  protection.  For  the  purpose  of  a  better  comparison  the 
percentage  figure  of  transformer  troubles  for  the  various  classes 
of  protection  and  types  of  arresters  have  been  collected  in  Table 
V.  Table  Va  shows  the  nature  of  damage  to  the  transformers 
for  each  type  of  arrester  and  class  of  protection. 

Tables  VI  and  VII  give  a  classified  record,  arranged  by  storms, 
of  transformers  burned  out  and  primary  fuses  blown  respec- 
tively dtiring  the  year.    From  these  tables.  Figs.  11  and  12  have 


TABLE  V. 

SUMMARY  OP  LIGHTNING  TROUBLES  DURING   1916, 

SHOWING   THE   RESULTS   FOR   EACH   TYPE   OP 

ARRESTER   AND  CLASS  OP  PROTECTION. 


Class  of 

Type  of 

Burn-outs 

Puses 

piotection 

arrester 

per  cent ' 

blown  per  cent 

A 

X 

0.087 

1.13 

Y 

0.108 

1.26 

Z 

0.69 

1.42 

All 

0.26 

1.27 

B 

X 

0.3£ 

0.77 

Y 

0 

0.48 

•• 

Z 

0.49 

1.09 

.. 

All 

0.29 

0.82 

C 

X 

0.49 

2.88 

, , 

Y 

2.14 

6.10 

•• 

Z 

1.36 

2.73 

All 

1.56 

4  30 

been  prepared,  showing  graphically  the  variations  diu'ing  the 
season  of  the  percentage  of  transformers  burned  out  and  fuses 
blown.  These  tables  and  the  figures  also  show  plainly  the  erratic 
nature  of  the  storms  of  May  15th  and  August  16th.  It  will  be 
noted,  for  example,  that  60  per  cent  of  the  total  number  of 
bum-outs  for  type  Z  arrester  and  class  A  protection  occurred  on 
May  15th,  although  the  total  number  of  transformers  burned 
out  on  this  day  was  only  20  per  cent  of  the  total  occurring  dur- 
the  season. 

Table  VIII  gives  data  regarding  the  transformer  troubles  for 
each  size  of  transformer.     These  troubles  have  been  further 
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TABLE  NO.  5.A 

TRANSFORMERS  BURNED  OUT  BY  LIGHTNING  DURING  1915 

CLASSIFIED  BY  TYPE  OP  PROTECTION  AND 

EXTENT  OF  DAMAGE. 


No 

.  of  bum-outs 

Class  of  protection 

• 

A  and  B 

C 

All 

Type  of  arrester 

X 

Y          Z 

Total 

X 

Y 

Z 

Total 

Coils  burned  out 

1 
2 

3         16 
0           3 

20 
5 

6 

1 

40 
22 

20 
10 

65 
33 

Transfoimers    put    out    of 
commission,  but  coils  O.K. 

Totals 

3 

3         19 

25 

6 

62 

30 

98 

TABLE  VI. 

RECORD    OF    TRANSFORMERS    BURNED    OUT    BY    LIGHTNING    IN    1915. 

ARRANGED  BY  STORMS. 


Type  of  arrester 

X 

Y 

Z 

Totals 

Grand 
Total 

Class  of  protection 

ABC 

ABC 

ABC 

ABC 

No.  of 
storm 

Date 

0      0      0 
0       1       6 
0       0       0 
0       0       0 
0       0       0 
0       0       0 
0       0       0 
0       0       0 
10       0 
0       0       0 

0  0       1 

1  0       0 
0       0       0 
0       0       0 
0       0       1 
0      0       0 

0       0       0 
0       0       4 
0       0       0 
0       0       1 
0       0     11 
0      0       0 
0       0       1 
0       0       0 
10       0 
0       0       0 

0  0       0 

1  0       7 
0       0     27 

0  0       2 

1  0       6 
0       0       1 

0  0       1 

9  1       3 

1  0       1 

0  1       0 

1  0       2 
0       0       2 
0       0       1 

10  0 
0       0       1 
0       0       1 
0       1       1 

0  0       0 

1  0     11 
0       0       0 
0       1       5 

2  0       1 

0  0      1 
9       2     13 

1  0       1 

0  1       1 

1  0     13 
0       0       2 

0  0       2 

1  0       0 

2  0       1 
0       0       1 

0  1       2 
2       0       7 

1  0     38 

0  0       2 

1  1     12 

2  0       2 

1 

24 
2 
2 

14 
2 
2 
1 
3 
1 
3 
9 

39 
2 

14 
4 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

May  3 
16* 

June  7 
11 
12 

July  10 
11 
12 
14 
15 
18 

Aug.  14 
16 
23 

Sep.  8 
10 

Totals 

2       1       8 

3       0     60 

15       4     30 

20       5     98 

123 

*The  two  storms  occurring  on  May  15th.  one  in  the  early  morning  and  one  in  the  late 
afternoon,  have  been  classed  as  one  storm,  on  account  of  the  impossibility  of  making  an 
accurate  separation. 
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segregated  in  Tables  IX  and  X  so  as  to  show  the  variation  in  the 
percentage  of  trouble  in  the  transformers  supplied  by  various 
manufacturers.  The  percentage  figtires  from  Table  VIII  have 
been  plotted  in  Fig.  13,  and  there  has  been  added,  for  the  purpose 
of  comparison,  the  corresponding  information  from  the  records 
of  1913. 

TABLE  VII. 

RECORD    OP    TRANSFORMER    PRIMARY    PUSES    BLOWN  BY    LIGHTNING 

IN    1915.    ARRANGED  BY  STORMS. 


Type  of 

arrester 

X 

Y 

Z 

Totals 

Grand 
Total 

Class  of  protection 

A 

B 

0 

A 

B 

C 

A 

B 

c 

A 

B      C 

No.  of 

storm 

Date 

2 

0 

1 

3 

0 

4 

1 

0 

7 

6 

0     12 

18 

1 

May    3 

2 

15* 

11 

0 

14 

5 

0 

30 

8 

1 

8 

24 

1     52 

77 

3 

June    7 

0 

0 

0 

0 

0 

0 

1 

1 

0 

1 

1       0 

2 

4 

11 

1 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0       0 

1 

5 

12 

3 

0 

9 

8 

1 

26 

10 

0 

3 

21 

1     38 

60 

6 

July  10- 

3 

0 

0 

0 

0 

16 

0 

0 

1 

3 

0     17 

20 

7 

•       11 

0 

0 

1 

1 

0 

3 

0 

0 

2 

1 

0       6 

7 

8 

12 

0 

0 

0 

0 

0 

7 

0 

0 

1 

0 

0       8 

8 

9 

14 

0 

0 

1 

3 

0 

0 

0 

0 

0 

3 

0       1 

4 

10 

15 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0       0 

0 

11 

18 

0 

0 

1 

2 

0 

0 

0 

0 

3 

2 

0       4 

6 

12 

Au«.  14 

4 

0 

3 

4 

1 

26 

1 

0 

0 

9 

1     29 

39 

13 

16 

0 

0 

0 

1 

0 

42 

4 

2 

26 

5 

2     68 

75 

14 

23 

0 

1 

2 

0 

0 

4 

1 

0 

2 

1 

1       8 

10 

15 

Sep.     8 

2 

0 

2 

3 

0 

14 

3 

3 

4 

8 

8     20 

31 

16 

10 

0 

1 

1 

5 

1 

4 

7 

2 

3 

12 

4       8 

24 

Totals 

26 

2 

35 

35 

3 

176 

27 

9 

60 

97 

14  271 

382 

*The  two  storms  occurring  on  May  15th,  one  in  the  early  morning  and  one  in  the  late 
afternoon,  have  been  classed  as  one  storm,  on  account  of  the  impossibility  of  making  an 
accurate  separation. 

Fig.  14  shows  the  ratio  of  primary  fuses  blown  to  transformer 
bum-outs  during  the  year  for  each  class  of  protection.  The  varia- 
tions in  the  ratio  for  all  classes  of  protection  are  shown  in  Fig. 
15  to  which  has  also  been  added,  for  comparison,  similar  informa- 
tion for  1913. 


XVI — Comments  on  the  Analysis  op  the  Records 
In  attempting  to  analyze  the  records  and  to  discover  the  f  unda 
mental  principles  of  lightning  protection,  not  only  is  one  con- 
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fronted  by  records  which  are  incomplete  and  inaccurate  due 
to  the  errors  which  natui-ally  creep  into  any  records  that  are 
collected  from  so  many  sources,  and  through  so  many  individuals 
but  there  are  a  large  number  of  variables  affecting  the  amount 
of  trouble  due  to  lightning,  which  might  be  roughly  outUned  as 
follows: 

1.  The  percentage  of  terminal  boards  removed. 

2.  The  ratio  of  lightning  arresters  to  transformers. 
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Fig.    11 — Graphic      Log     of 
Transformers  Burned  Out  by 
Lightning  in  1915,   Subdivided 
BY  Classes  of  Protection 
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Fig.  12 — Graphic  Log  of  Fuses 
Blown  by  Lightning  in  1915, 
Subdivided  by  Classes  of  Pro- 
tection 


3.  Location  of  the  lisjhtning  arresters,  i.e.,  whether  on  the 
line  poles  or  transformer  poles. 

4.  Density  of  the  arresters,  i.e.,  the  number  per  square  mile 
or  per  mile  of  line. 

5.  The  maker  of  the  transformer. 

6.  The  variations  in  the  distribution  and  intensity  of  the 
lightning. 

In  general  the  variations  of  the  lightning  itself  overshadow  the 
rest  of  the  variables  so  that  the  latter  are  sometimes  quite  insigni- 
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ficant  in  comparison.  In  other  cases  the  variations  in  the  varia- 
bles apparently  oppose  each  othcx-,  or  perhaps  act  together  in 
such  a  way  that  their  effect  becomes  very  obscure. 

The  large  variations  due  to  the  lightning  itself,  may  be  noted 
in  any  of  the  records  which  give  percentage  figures  for  the  various 
numbered  areas,  and  from  these  records  we  gather  that  it  is 
quite  unsafe  to  assume  that  the  record  for  any  partictdar  area 
correctly  represents  the  average  conditions  throughout  the  city. 
The  most  representative  figures  are  those  which  are  obtained 

TABLB  VIII. 
RECORD  OF  TRANSFORMER  TROUBLES  CAUSED  BY  LIGHTNING' IN  1916. 
FOR  EACH  SIZE  OF  TRANSFORMER 


Transformers  in 

Burned  out 

Puses  blown 

Sise  kw. 

service  August 

Ist.  1915. 

No. 

Per  cent 

No. 

Per  cent 

407 

7 

1.72 

22 

5.41 

1.5 

1.090 

23 

2.11 

61 

5.59 

1.103 

21 

1.90 

51 

4.61 

2.381 

25 

1.05 

51 

2.14 

1,149 

8 

0.70 

20 

1.74 

2,076 

14 

0.67 

54 

2.60 

7.5 

2.304 

14 

0.61 

61 

2.64 

10 

1.852 

6 

0.32 

35 

1.89 

15 

1.320 

2 

0.15 

16 

1.21 

20 

648 

2 

0.31 

2 

0  31 

25 

451 

0 

0 

3 

0.67 

30 

186 

0 

0 

1 

0.54 

40 

152 

0 

0 

1 

0.66 

50 

243 

1 

0.41 

4 

1  65 

75 

114 

0 

0 

0 

0 

100 

117 

0 

0 

0 

0 

150 

12 

0 

0 

0 

0 

250 
Totals 

1 

0 

0 

0 

0 

15.605 

23 

0.78 

382 

2.44 

from  the  combined  experience  in  a  number  of  areas.  In  some 
cases  this  is  not  possible,  and  in  those  particular  cases  the  attempt 
to  plot  the  relation  between  any  quantity  and  the  effects  of  the 
lightning  are  quite  dissappointing. 

It  is  also  to  be  noted  that  in  attempting  to  find  the  relation 
between  any  one  variable  and  the  lightning  elffects,  the  other 
variables  must  for  the  moment  be  assumed  as  constant.  The 
records  show  that  this  last  assumption  is  always  in  error  to  a 
greater  or  less  extent.  Sometimes  the  variations  from  the  assump- 
tion is  not  sufficient  to  seriously  affect  the  records,  but  in  other 
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.  .  li.  ...II  |,.j .  ,il,K'  v\  liich  will  take  r/.ace  \i  the  >iidden  short  circuit 
.  ii  L'.  i,v  t  ur  ntar  the  zero;/o:nt  of  theemf.  -wave.  In  this  case 
\>  uiiiiiL  vmU  fjversh^xA  and  reach  nearly  twice  the  value  it 
„  iul.l  liuvt:  it  the:  short  circuit  were  to  occur  ver^r  nearly  at  the 
iiia-vimmd  point  of  the  e.m.f.  wave.  It  seems  to  rr.e — although  it 
» ,  1(1  jt  t  li  arly  stated  by  the  authors — that  in  Fi^.  4  they  have  given 
ii.>  I  hit  iiio^t  favorable  condition  of  a  short  circuit  under  the 
a.)oiU(i|itiori  of  ideal  machines  of  15  [Xrr  cent  reactance  each) 
v\ilh  no  dampinj^  effect.  This  damping;  may  be  roughly  taken 
intri  Minsideration.  if  desired,  but  in  any  case  I  think  that  it  is 
b<::t  to  refer  the  curves  and  the  discussion  of  a  short  circuit  to 
the  worst  possible  condition.  This  point  should  have  been  made 
r  h-ar  by  the  authors:  thus  according  to  my  interpretation  of 
the  connection  of  the  six  alternators  under  consideration,  the 
rusti  of  cnirrent  with  5  per  cent  tie-bus  reactance  per  generator 
v/j11  t;e  anything  between  30  and  60  times  full-load  current — 
rather  than  30 — under  the  ideal  condition  of  no  damping.  Sim- 
ilarly for  the  other  points  of  the  cur\'es. 

H.  Mouradian  ^communicated  after  adjournment;:  Mr. 
\<()]t*:r\  contribution  appears  to  be  the  first  published  report  of 
a  systematic  attempt  to  study  the  lightning  problem  exp)eri- 
men tally  in  the  field  (rather  than  in  the  laborator>').  where,  it 
seems  to  the  writer,  the  problem  must  receive  its  ultimate  solu- 
tion. 

A  study  in  the  field,  along  somewhat  similar  lines,  has  been 
conducted  by  The  Bell  Telephone  Company  of  Pennsylvania 
during  the  period  1911  to  1910,  this  study  comprising  the  obser- 
vation of  lightning  effects  as  influenced  by  various  degrees  of 
])T()U:rU(m  upon  the  telephone  cable  plant  in  the  entire  state  of 
Pennsylvania,  the  entire  state  of  Delaware,  part  of  the  state  of 
New  Jersey,  and  certain  sections  of  the  states  of  West  Virginia 
and  ()h\().  This  study  included  the  observation  of  lightning 
effects  as  assr^ciated  with  ajjproximately  25,000  cable  pairs, 
fully  protected  by  means  of  open  space  cutouts,  and,  roughly, 
50(M)00  telejjhone  stations. 

As  Mr.  Roper's  pajjer  relates  to  transformer  protection,  and 
the  data  collected  by  The  Bell  Telephone  Company  of  Pennsyl- 
vania relate  to  cable  [protection,  this  discussion  will  only  con- 
sider some  of  the  brr>ad  i)oints  involved  in  the  field  observation  of 
lightning  effects. 

As  noted  by  Mr.  Roper,  "the  variations  of  the  lightning  itself 
overshadow  the  rest  of  the  variables."  This  is  borne  out  by 
our  exyjerience.  In  the  western  half  of  the  state  of  Pennsylvania, 
the  number  of  substation  arrester  operations  varied  from  a 
maximum  ai  11,594  operations  in  1912  to  a  minimum  of  2962 
operations  in  1915,  a  variation  in  lightning  activity  of  approxi- 
mately 400  per  cent,  no  change  whatever  having  been  made  in 
the  type  of  substation  arresters  in  the  meantime. 

In  reference  to  the  extreme  irregularity  in  the  distribution  of 
lightning  effects,  it  appears  to  us.  in  view  of  this  feature,  that  only 
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cases  the  variations  are  apparently  so  great  that  it  is  quite 
impossible  to  draw  any  conclusions  from  the  results  obtained, 
except  in  a  very  general  way. 

XVII — Reduction  in  the  Ratio  of  Primary  Fuses  Blown 
TO  Transformers  Burned  Out 
While  the  number  of  primary  fuses  blown  and  the  burnouts 
due  to  lightning  during  the  past  four  years  have  varied  over 
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Fig.  13 — Comparative  Records  of  Primary  Fuses  Blown  and  Trans- 
formers Burned  Out  by  Lightning  in  1913  and  1915 


rather  wide  limits  from  year  to  year  as  shown  in  Fig.  3,  the 
ratio  between  these  two  quantities  during  the  same  period  has 
been  decreasing  along  a  very  regular  curve,  indicating  the  exist- 
ence of  some  law  or  progres^ve  change  connecting  these  two 
quantities.  For  the  purpose  of  securing  information  on  this 
point,  Table  XI  has  been  prepared  showing  the  ratio  in  question 
for  the  several  classes  of  protection  during  1915.  This  table 
shows  that  the  ratio  is  smaller  for  the  class  B  and  C  protection 
than  for  class  A.    This  ratio,  being  the  larger  for  the  best  class 
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ihtr  changes  in  the  protection  conditions  of  the  4,000-volt trans- 
lorniers,  the  future  may  show  a  very  material  increase  in  the 
ratio  of  the  percentage  of  transformer  burnouts  in  the  class  A 
areas  to  the  percentage  of  transformer  burnouts  in  the  class  C 
areas. 

One  detail  point  seems  worth  referring  to.  It  appears  to  the 
writer  that  the  data  presented  in  Mr.  Roper's  paper  indicate, 
if  the  difference  in  the  character  of  the  lightning  seasons  is  not 
taken  into  account,  that  the  increase  in  the  ratio  of  arresters 
to  transformers  should  be  credited  with  a  larger  percentage  of 
responsibility  than  the  20  per  cent  indicated  in  Mr.  Roper's 
summary,  probably  as  high  as  50  per  cent.  This  thought  is 
suggested  by  the  study  of  Table  VIII  and  Mr.  Roper's  own 
statement,  in  regard  to  this  same  table,  that  "the  percentage  of 
fuses  blown  in  class  A  is  less  than  one-third  of  that  in  class  C." 

Another  thing  the  stud}'  of  Mr.  Roper's  paper  suggests,  and 
about  which  the  writer  would  like  to  secure  Air.  Roper's  opinion 
is  whether,  considering  the  question  purely  from  the  standpoint 
of  lightning  protection,  the  troubles  from  blown  fuses  would 
not  be  materially  reduced,  if  the  grounds  at  the  substations  on 
the  neutral  wires  were  removed. 

N.  L.  Pollard:  Replying  to  Mr.  Taylor's  question  concerning 
the  increase  of  cable  troubles  as  indicated  by  the  table,  will  say 
that  the  total  number  of  troubles  per  mile  of  cable  and  overhead 
lines  has  decreased  for  the  60-cycle  system  but  has  increased 
slightly  for  the  25-cycle  system.  The  slight  increase  on  the  25- 
cycle  system  is  undoubtedly  due  to  the  fact  that  we  have  not 
installed  on  this  system  the  protective  apparatus  to  the  extent 
that  we  have  on  the  60-cycle  system. 

The  failures  on  the  60-cycle  cables  alone,  increased  materially 
in  1915.  This,  we  think,  may  be  due  partly  to  the  installation 
of  feeder  reactances  on  both  ends  of  the  tie  feeders  connecting 
our  City  Dock,  Marion  and  Essex  Stations.  Since  the  installa- 
tion of  these  reactances,  the  nature  of  the  cable  breakdowns  has 
changed  from  a  single-phase  failure  to  ground,  to  a  breakdown 
between  phases.  The  majority  of  the  cable  breakdowns  has 
occurred  on  the  tie  feeders  equipped  with  these  reactances  and 
we  are  led  to  believe  that  the  installation  of  the  reactances 
must  have  some  bearing  on  the  breakdowns. 
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words,  that  the  percentage  reduction  in  fuses  blown  is  directly 

proportional  to  the  percentage  of  terminal  boards  removed. 

Upon  examining  this  line  more  carefully,  an  apparent  incon* 


TABLB  XL 
EFFECT   OF    CLASS    OP    PROTECTION    ON    RATIO    OF    FUSES    BLOWN 
TRANSFORMERS  BURNED  OUT  IN  ltl5. 


TO 


A 

B 

Class 

A 

of 

Primary 

Transformers 

Ratio     ^ 

protection 

fuses 

burned 

blown 

out 

A 

97 

20 

4.86 

B 

14 

5 

2.80 

c 

271 

98 

2.76 

sistency  is  noted  in  that  the  removal  of  30  per  cent  of  the  ter- 
minal boards  caused  a  reduction  of  59  per  cent  in  the  fuses 
blown  by  lightning.     Such  a  result  could  occur  only  if    some 
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Fig.  16 — Diagram  Showing 
Effect  of  Removal  of  Terminal 
Boards  for  Two  Years  on  Per- 
centage OF  Fuses  Blown  by 
Lightning 
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Fig.  17 — Diagram  Showing  Re- 
lation    Between     Removal     of 
Terminal  Boards  and  Reduction 
IN  Blowing  of  Primary  Fuses 


scheme  of  selection  were  practised  in  the  removal  of  the  primary 
terminal  boards,  so  that  the  ones  most  likely  to  cause  trouble 
were  the  ones  to  be  removed;  but  no  such  scheme  of  selection 
has  been  in  use,  and  instead,  all  of  the  transformers  passing 
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through  the  storeroom  have  had  their  terminal  boards  removed 
before  again  being  sent  out  on  the  line. 

In  the  paper  by  the  author  read  at  Pittsfield  in  1914,  and 
previously  referred  to,  it  was  stated  that  the  removal  of  all  of 
the  terminal  boards  from  the  transformers  in  a  given  area  elim- 
inated about  60  per  cent  of  the  transformer  troubles  caused  by 
lie:htning.  Assuming  for  the  moment  that  this  figure  is  correct, 
then  we  might  reasonably  conclude  that  the  removal  of  30  per 
cent  of  the  terminal  boards  should  reduce  the  troubles  by  30 
per  cent  of  60  per  cent,  or  18  per  cent.  The  dash  line  in  Fig.  17 
shows  this  value.  If  we  assume  that  this  line  is  correctly  drawn, 
then  the  percentage  reduction  in  fuses  blown  between  the  dash 
line  and  the  full  line  must  be  due  to  other  causes. 

During  the  same  period,  that  is,  between  1913  and  1915, 
the  lightning  protection  of  the  system  has  been  improved,  (1) 
by  increasing  the  number  of  arresters  on  the  line,  and  (2)  by 
moving  the  arresters  from  the  line  poles  to  the  transformer 
poles.  It  is  not  thought  that  any  of  the  other  changes  made 
during  this  period  cotdd  have  seriously  affected  the  ratio.  The 
difference  between  the  dash  line  and  the  full  line  on  Fig.  17, 
apparently,  must  be  ascribed  to  the  improvement  in  the  light- 
ning protection  secured  by  the  lightning  arresters.  The  records 
available  do  not  permit  of  an  exact  determination  of  the  benefits 
derived  from  increasing  the  number  of  arresters  as  distinguished 
from  the  benefits  obtained  by  moving  the  arresters  from  the 
line  poles  to  the  transformer  poles,  but  from  all  of  the  information 
obtainable,  some  of  which  is  set  forth  under  a  later  heading 
in  this  paper,  it  is  estimated  that  the  reduction  of  59  per  cent 
in  fuses  blown  corresponding  to  the  removal  of  30  per  cent  of 
the  terminal  boards  can  be  allotted  to  the  several  contributing 
causes  about  as  follows: 

Per       Per  cent 
cent      of  total 

Removal  of  terminal  boards 

Increasing  the  ratio  of  arresters  to  transformers .... 
Moving  arresters  from  line  poles  to  transformer  poles 

59  100 

If  this  estimate  is  approximately  correct,  it  means  that  the 
amount  of  trouble  from  lightning,  on  a  system  with  all  the 
terminal  boards  removed  and  with  lightning  arresters  equal  in 
number  to  the  transformers  and  installed  on  the  line  poles, 


18 

30 

10 

20 

31 

50 

19161  ROPER:  LIGHTNING  PROTECTION  685 

wotild  be  reduced  about  one-half  by  moving  the  lightning  arrest- 
ers from  the  line  poles  to  the  transformer  poles. 

A  careful  investigation  was  made  of  transformer  fuses  blown 
in  1915,  in  order  to  determine  how  much  improvement  was  due 
to  the  removal  of  the  terminal  boards  only  and  to  the  installation 
of  the  arresters  independent  of  the  removal  of  terminal  boards. 
If  we  start  with  transformers  having  terminal  boards  above  oil 
arid  without  lightning  arresters  on  the  same  pole,  then  the 
improvement  obtained  by  each  of  the  several  steps,  as  indicated 
by  our  experience  in  1915,  is  as  follows: 

Improvement 

1.  Removal  of  terminal  boards  only 50% 

2.  Installation  of  lightning  arresters  on  the  trans- 

former poles  only 85% 

3.  Removing  terminal  boards  from  transformers 

already   protected   by   an   arrester  on   the 

same  pole 30% 

4.  Removing    terminal    boards    and    installing 

arresters  on  the  same  pole 90% 

XVIII — Comparison  of  Several  Classes  of  Protection 

Class  A  and  B  protection  both  include  transformers  having 
lightning  arresters  on  the  same  pole.  They  differ,  however, 
in  that  class  A  transformers  are  all  in  a  segregated  area  in  which 
each  transformer  is  similarly  protected,  while  the  transformers  of 
the  class  B  protection  may  be  surrounded  by  other  transformers 
of  class  C  protection,  that  is,  without  arresters  on  the  same  poles. 
Fig.  11  indicates  that  according  to  the  record  of  bum-outs, 
class  A  is  appreciably  better  than  class  B.  Fig.  12,  showing  the 
record  of  fuses  blown,  indicates  that  class  B  is  considerably 
better  than  class  A.  This  latter  difference  is  probably  accounted 
for  largely  by  the  rule  above  mentioned,  according  to  which 
transformers  above  3-kw.  capacity  were  protected  by  an  arrester 
on  the  same  pole,  while  the  smaller  transformers  were  not  so 
protected.  Class  B  protection,  therefore,  consists  of  a  selected 
lot  of  transformers  from  which  the  smaller,  or  more  vtdnerable 
sizes  are  largely  excluded.  This  is  shown  by  Table  II,  which 
indicates  that  21  percent  of  the  transformers  in  class  B  pro- 
tection were  below  five  kw.,  while  for  class  A  protection  this 
figure  was  35  per  cent. 

If  the  improvement  of  class  A  protection  over  class  B,  as 
indicated  in  Fig.  11,  correctly  represents  their  relative  merits, 
then  these  conditionslmust  be  due  to  the  larger  number  of  arresters 
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per  square  mile,  or  per  mile  of  line,  for  class  A  protection  as 
compared  with  class  B.  A  reference  to  Table  I  shows  that  there 
are  about  ten  times  as  many  transformers  per  square  mile  for 
class  A  protection  as  for  class  B.  These  figures  indicate  that 
the  installation  of  an  arrester  on  a  transformer  pole  does  not 
give  perfect  or  complete  protection,  but  that  the  protection  is 
considerably  improved  by  other  arresters  on  neighboring  poles. 
This  means  that  widely  separated  transformers  along  a  long 
line,  or  isolated  at  the  end  of  a  line,  if  supplying  important  service 


Pig.  18 — Map    Showing    Sections    (Square    Miles)    which    Were 
Entirely  Free  from  Lightning  Troubles  During  1915 


should  be  protected  by  installing  other  arresters  in  the  vicinity 
in  addition  to  those  on  the  transformer  pole. 

The  figures  in  Table  II  for  transformers  above  15  kw.  also 
show  by  the  large  percentage  of  these  transformers  the  operation 
of  the  rules  under  heading  XIII. 

It  is  very  evident  from  Figs.  11  and  12,  as  well  as  from  several 
of  the  tables,  that  classes  A  and  B  protection  are  both  consid- 
erably better  than  class  C.    Table  VIII  indicates  that  the  per-. 
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ccntage  of  fuses  blown  for  class  A  is  less  than  one-third  of  that 
of  class  C,  while  for  the  transformer  bum-outs  the  ratio  is 
about  one  to  six. 

XIX — Analysis  of  Class  C  Protection 
As  stated  earlier  in  the  paper,  classes  B  and  C  protection 
cover  all  of  the  transformers  outside  of  the  100  per  cent  areas 
or  class  A  protection.     If  the  transformers  included  in  class  B 
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Fig.  19 — Map   Showing   Sections    (Square    Miles)   in    which   thb 
Troubles  from  Lightning  Were  Several  Times  the  Average 


protecti6n  are  for  the  moment  ignored  then  the  arresters  installed 
for  class  B  protection  can  be  considered,  relative  to  the  class  C 
transformers,  as  being  installed  on  the  line  poles. 

For  the  purpose  of  getting  a  general  view  of  class  C  protection, 
Figs.  18  and  19  have  been  prepared.  The  former  shows  by  the 
shading,  with  the  section  (i,e.  square  mile)  as  a  unit,  the  areas 
in  which  there  was  no  transformer  trouble  caused  by  lightning 
during  the  year  1915.  Excluding  the  sections  in  which  there  are 
no  transformers,  it  is  found  that  within  the  100  per  cent  areas 
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circuit  will  take  up  sufficient  water  to  reduce  its  internal  leakage 
resistance  to  as  low  as  300  megohms.  This  difference  in  absorption 
is  due  to  the  changes  in  temperature.  An  increase  in  temperatiu"e 
causes  an  expansion  of  air  which  drives  some  of  it  out.  Subse- 
quently it  breathes  in  moist  air  and  moisture.  Each  temperature 
change  causes  a  deeper  penetration  until,  by  fractional  distil- 
lation, there  is  a  conducting  path  between  surfaces.  The  necessary 
period  in  such  a  case  may  extend  over  several  months. 

Such  slightly  porous  and  wet  insulators  still  retain  some 
value  as  insulators  but  they  are  a  menace  since  they  will  fail 
rapidly  under  an  increase  in  potential.  Such  an  increase  may 
take  place  suddenly  by  the  failure  of  another  unit  in  series  with 
it. 
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A  rare  case  of  porosity  was  studied.  Fig.  1  shows  the  relation 
of  internal  resistance  and  wattage  loss,  both  relative  to  the  time. 
On  the  application  of  60-cycle  potential,  at  flash-over  value,  the 
resistance  gradually  decreased  from  380  megohms  to  zero  in 
five  minutes.  The  wattage  rose  from  16  watts,  slowly  at  first, 
then  with  a  rapid  increase  as  the  water  and  porcelain  were  heated 
up  by  the  ohmic  loss  (£^-^  K).  At  the  end  of  4.5  minutes  the 
loss  was  145  watts.  At  the  end  of  4.5  minutes  the  total  energy 
given  to  the  insulator  was  14,000  joules.  An  unknown  portion 
of  this  energy  was  radiated  and  conducted  away  during  the  four 
periods  of  interruption  of  potential  test,  to  measure  the  ohmic 
resistance.  Calculating  the  maximum  possible  temperature,  from 
the  energy-  loss  and  the  spcc^^^^:,  it  must  have  been  less  than 
80  deg.  cent,  at  the  instant^^^Bcture  of  the  porcelain.    The 
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eral,  the  sections  in  which  the  number  of  transformers  per  square 
mile  is  small.  An  attempt  has  been  made  to  plot  a  curve  show- 
ing the  variation  of  lightning  trouble  with  the  ratio  of  arresters 
to  transformers,  as  shown  in  Figs.  20  and  21.  The  points  in 
Pig.  21,  showing  the  fuses  blown,  almost  result  in  a  curve.  One 
point,  however,  is  almost  off  the  scale.  This  is  the  result  of  the 
storm  of  August  16th  and  if  this  particular  storm  is  eliminated 
from  the  record  because  of  its  nature,  before  plotting  restdts, 
then  the  storm  of  May  15th  should  also  be  omitted.  The  latter 
storm,  however,  affects  other  points  so  that  the  final  result  is 
not  materially  better  than  Fig.  21.  In  a  general  way,  the  con- 
clusion can  be  drawn  fronr  this  figxu-e,  that  increasing  the  number 
of  arresters  reduces  the  percentage  of  fuses  blown;  that  is,  it 
improves  the  lightning  protection.    Taken  in  conjunction  with 
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the  previous  figure,  the  points  on  Fig.  21  appear  to  indicate 
that  the  installation  of  comparatively  few  arresters  on  a  line 
will  make  an  appreciable  improvement  in  the  lightning  protection. 

On  Fig.  20  the  points  are  so  scattered  that  it  is  quite  impossible 
to  draw  a  line  which  would  fairly  represent  average  values.  It  is 
probable,  however,  that  a  part  of  this  difficulty  may  be  due  to 
differences  in  the  protective  values  of  the  several  types  of 
arresters. 

Taking  the  several  conclusions  into  consideration,  it  appears 
that,  starting  with  the  assumptions,  (1)  that  lightning  strokes 
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of  the  insulator.  Using  a  thin  layer  of  washed  clay  and  varying 
the  humidity,  the  curves  of  resistance  versus  humidity  are 
given  in  Fig.  2. 

The  following  is  a  record  of  one  insulator  of  several  which 
were  coated  with  dust  (porcelain  slip)  and  placed  in  a  wooden 
box  where  the  humidity  was  gradually  increased  to  a  high  value 
and  then  decreased.  The  total  period  of  test  was  20  days.  Sur- 
face resistance  tests  were  made  from  time  to  time.  Fig.  2  shows 
the  relation  of  surface  resistance  to  humidity  in  the  box.  Natur- 
ally there  was  a  little  lower  resistance  on  increasing  the  humidity 
than  on  decreasing  it  due  to  the  fact  that  the  humidity  was 
introduced  by  heating  water  in  a  receptacle  placed  underneath 
the  box  and  connected  to  it  by 
means  of  a  tube.  The  variation 
in  resistance  on  the  up-curve 
and  down-curve,  however,  is  not 
very  great  except  at  extremely 
high  humidities  where  there  is 
comparatively  little  interest. 
This  curve  may  be  considered 
the  extreme  condition  in  dusty 
countries  where  there  is  a  long 
dry  season  so  far  as  rain  is  con- 
cerned but  where  fogs  and  dews 
take  place.  If  an  insulator  is  in 
service,  the  leakages  of  current 
over  the  surface  would  give 
sufficient  heating  eflect  to  pre- 
vent the  lowering  of  the  resist- 
ance to  the  very  low  value  obtained  in  these  tests.  These 
conditions  might  exist,  however,  where  the  line  is  out  of  service 
for  testing  purposes. 

Naturally  the  condensation  of  moisture  on  a  surface  of  this 
kind  dci)ends  on  diilercnces  of  temperature  between  the  insulator 
surface  and  the  surrounding  atmosphere  and  also  upon  the  hiunid- 
ity  of  the  atmosphere.  No  attempt  is  made  in  the  tests  to  take 
this  factor  into  account  but  it  is  of  course  the  condition  which 
appears  so  prominently  at  sunrise. 

Increasing  the  size  of  an  insulator  does  not  necessarily  in- 
crease ils  resistance.  On  the  flMjtrary,  the  larger  insulators, 
due  to  their  shapes,  usually  have  a  less  surface  resistance  than 
the  smaller  insulators,  other  tliilts  being  equal.  The  tests 
correspond  with  the  theoretical  calculations. 
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is  saved  by  appl>'ing  the  voltage  to  all  the  disks  of  two  strings 
simidtaneously. 

It  has  been  shouvTi  that  the  energy  necessary  to  drive  out  the 
moisture  in  a  porous  insulator  is  considerable.  The  oscillator 
has  extremely  high  power  but  the  wave  trains  die  out  quickly. 
It  is,  therefore,  necessary  to  restrict  the  oscillator  to  the  testing 
of  dry  porcelain.  The  wetter  the  porcelain  the  more  effective 
the  60-cycle  test  and  the  drier  the  porcelain  the  less  effective 
the  60-cycle  test  and  the  more  effective  the  oscillator  test  in 
detecting  porous  porcelain.  Even  if  the/e  were  100  oscillations 
in  each  wave  train  the  potential  would  be  applied  only  about 
1/20  of  the  time.  In  other  words,  the  PR  loss  in  the  leakage 
of  the  insulator  would  be  less  than  1/20  of  what  it  would  be  at 
60-cycles  at  the  same  voltage.  Consequently  it  ^^411  take  a 
much  longer  time  to  heat  up  the  water  in  the  pores  of  the  por- 
celain than  with  an  equal  60-cycle  voltage. 
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result  of  the  increase  in  the  number  of  arresters  will  be  an  in- 
crease in  the  annual  charges  against  the  system  of  distribution, 
and  as  the  saving  in  repairs  to  transformers  is  estimated  to  be 
not  more  than  about  two-thirds  of  the  interest,  depreciation, 
maintenance,  etc.,  of  the  arresters,  the  additional  expense  must, 
therefore,  be  charged  against  improved  service.*" 

An  attempt  has  been  made  to  set  forth,  during  the  discussion 
of  the  results,  such  conclusions  as  could  be  most  readily  drawn 
from  the  facts  submitted.  For  convenience,  however,  these 
conclusions,  together  with  others  that  appear  to  be  warranted  by 
experience,  may  be  simimarized  as  follows: 

1.  The  transformer  troubles  during  lightning  storms  may  be 
reduced:  (a)  by  the  removal  of  the  transformer  primary  ter- 
minal boards,    (b)  By  the  installation  of  lightning  arresters. 

2.  Lightning  arresters  installed  on  the  transformer  poles  are 
considerably  more  effective  than  if  installed  on  the  line  poles. 

3.  When  the  lightning  arresters  are  confined  to  the  line  poles, 
the  protection  against  lightning  is  improved  by  increasing  the 
number  of  arresters. 

4.  Whether  the  lightning  arresters  are  on  the  line  poles  or 
on  the  transformer  poles,  the  protection  appears  to  be  improved 
by  an  increase  in  the  number  of  arresters  per  square  mile  or  per 
mile  of  line. 

5.  Even  in  the  most  severe  lightning  storms,  which  apparently 
cover  a  given  territory  quite  completely,  there  will  be  numerous 
extended  areas  within  this  territory  which  will  be  entirely  free 
from  lightning  disturbances. 

6.  While  a  lightning  arrester  on  the  same  pole  with  each  trans- 
former appears  to  be  quite  adequate  protection  in  a  region  where 
the  transformers  are  reasonably  close  together,  the  protection 
appears  to  be  inadequate  where  the  transformers  are  separated 
by  distances  ranging  above  (say)  2000  ft.  (609.6  m.) 

7.  There  is  no  serious  difficulty  in  devising  forms  of  safe  con- 
struction for  installing  lightning  arresters  on  the  transformer 
poles.  The  construction  is  considerably  simplified  by  the  use 
of  self-contained  arresters  which  do  not  require  inspection. 

8.  The  modem  types  of  arresters  comply  with  the  specification 

*The  calculations  on  which  the  above  conclusion  is  based,  are  given 
in  greater  detail  in  a  paper  entitled,  "Lightning  Protection  for  Trans- 
formers on  4000- Volt  Distributing  Circuits,"  read  before  the  National 
Electric  Light  Association  at  its  convention  in  Chicago  May  22nd  to 
May  26th,  1916. 
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that  a  protective  device  should  be  less  subject  to  trouble  than 
the  apparatus  which  it  protects. 

9.  The  modem  types  of  lightning  arresters  are  so  free  from 
trouble  that  the  installation  of  a  fuse  in  series  with  the  arrester, 
for  the  purpose  of  disconnecting  the  arrester  in  case  of  trouble, 
is  not  warranted. 

10.  Absolute  immunity  from  lightning  troubles  cannot  be 
secured  by  an  installation  of  lightning  arresters. 

11.  For  the  conditions  in  Chicago  the  installation  of  lightning 
arresters  for  the  protection  of  transformers  is  not  warranted  by 
the  saving  in  the  cost  of  repairs  to  transformers,  and  can  be 
justified  only  as  a  means  for  improving  the  quality  of  the  service. 

12.  Great  care  should  be  used  in  attempting  to  draw  general 
conclusions  from  the  experience  obtained  from  a  few  arresters, 
or  diuing  a  single  season  or  from  a  limited  area. 

13.  The  use  of  the  several  schemes  for  the  improvement  of 
the  lightning  protection  that  are  herein  described  can  reasonably 
be  expected  to  remove  at  least  90  per  cent  of  the  lightning  troubles 
formerly  experienced. 
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EXPERIENCE  AND   RECENT   DEVELOPMENTS  IN 
CENTRAL  STATION  PROTECTIVE  FEATURES 


BY  N.  L.  POLLARD  AND  J.  T.  LAWSON 


Abstract  of  Paper 


The  protective  features  described  in  this  paper  are  some  of 
those  now  in  use  on  the  system  of  the  Pubhc  Service  Electric 
Co.  which  serves  a  population  of  about  2,200,000. 

The  most  interesting  protective  devices  and  schemes  dis- 
cussed in  this  paper  are  as  follows: 

Aluminum  cell  arresters;  arcing  ground  suppressor;  faulty 
cable  localizer;  cable  testing;  high-potential  and  nigh-frequency 
testing;  generator  bus  connection  scheme;  exciter  connection 
scheme;  reactors;  relays;  multi-recorder;  insulation  resistance 
recorder;  air  washers;  resistance  bulbs  and  thermo-couples; 
dampers  on  air-blast  transformers;  coherer  alarm  devices; 
potential  indicating  devices. 

THE  ENTIRE  territory  served  by  The  Public  Service  Elec- 
tric Co.  comprises  three  principal  divisions;  the  Northern, 
Central  and  Southern,  which  include  the  more  densely  popu- 
lated sections  of  the  State  of  New. Jersey.  Fig.  1  shows  a 
diagram  of  the  transmission  system. 

The  Northern  Division  consists  of  eight  generating  stations 
having  a  combined  Qapacity  of  148,000  kw.  and  feeding  33  sub- 
stations. 

The  Central  Division  consists  of  five  generating  stations  hav- 
ing a  combined  capacity  of  17,800  kw.  and  feeding  13  substations. 

The  Southern  Division  consists  of  four  generating  stations 
having  a  combined  capacity  of  32,000  kw.  and  feeding  17  sub- 
stations. 

In  the  larger  stations,  current  is  generated  at  13,200  volts, 
3  phase,  both  25  and  60  cycles,  and  in  most  cases  is  distributed 
at  that  voltage  between  the  various  stations  and  substations, 
through  260  miles  (418.4  km.)  of  underground  cable  and  425 
miles  (683.9  km.)  of  overhead  lines. 

In  the  smaller  stations,  current  is  generated  at  2400  volts, 
two-phase,  60  cycles,  and  distributed  locally  at  that  voltage. 
That  part  of  the  current  not  consumed  locally,  is  stepped  up  to 
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Fig.  1 — General  Transmission  System 
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Fig.  6  shows  similar  curves  for  another  type  of  ungraded  unit. 
In  this  the  internal  capacity  has  a  higher  ratio  to  the  external 
capacities.  On  this  account  the  distribution  of  voltage  is  appre- 
ciably better,  although  far  from  ideal. 

Fig.  7  gives  the  result  of  grading  the  type  of  unit  used  in  the 
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UNITS  NUMBERED  FROM  LINE  END 


Fig.  7 

1 — Voltage  across  each  unit  in  per  cent  of  that  across  one  nearest  line 
2 — Idc^al  distribution  of  voltage  to  Rround  along  string 
3 — Distributi'jn  of  voltagj  to  ground  along  string 


tests  of  Fig.  6.  In  this  case  the  three  units  next  to  the  line  had 
the  largest  conducting  disks,  and  a  high  internal  capacity.  The 
next  five  units  had  a  somewhat  smaller  capacity.  The  last 
seven  units  had  no  coatings.  Instead  of  uniform  curves,  the 
result  is  a  broken  line  formed  by  joining  the  curves  due  to  each 
group.     Comparing  this  with  Fig.  6,  a  great  improvement  is 
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....!,,       ^,  ^n  "^v  I  is  greatly  raised  toward  the  horizontal,  and 
,..  .V    i  •:*  lu  Mui  r\irve  2,  which  represents  perfection. 

I  M.  I  it.i  U'lK  V  of  the  lowest  unit  compared  to  the  line  unit 
'»  i.  »,vj»  hii»u^:ht  from  23.5  per  cent  up  to  46.5  per  cent,  or 
I,  ajlv  il«»Lihhil.  This  results  in  reducing  the  proportion  of  the 
1  ...il  voli;i).:(^  on  the  line  unit  from  16.5  per  cent  to  11  per  cent, 
I  iiJu«iion  {)f  27  per  cent. 

Conclusion 
'1 1. 1-  cxixTimcnts  described  in  this  paper  are  only  preliminary^ 
aiul  much  further  investigation  is  desirable.  It  is  felt,  however, 
ihai  the  results  obtained  indicate  the  value  of  this  method  of 
i.Ma(liii^'  where  the  voltage  is  such  as  to  require  the  use  of  many 
units. 
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to  inspect  cable  during  the  process  of  maniifacture,  and  to  see 
that  our  cable  specifications  are  strictly  adhered  to. 

All  cables  are  tested  with  26 ,000- volts  for  three  minutes 
before  putting  them  in  service,  but  we  do  not  make  a  practise 
of  testing  them  periodically.  In  case  there  are  indications  of 
trouble  on  a  cable  while  in  operation,  it  is  cut  out  of  service, 
given  a  test  of  26,000  volts  for  three  minutes,  and  returned  to 
service  in  case  no  failure  occurs. 

In  our  opinion,  a  13,200-volt  cable  should  not  be  tested  at  a 
voltage  higher  than  26,000,  since  our  experience  has  shown  that 
too  high  a  teisting  voltage  often  weakens  the  insulation  at  some 
point,  which  weakness  finally  manifests  itself  in  a  complete 
breakdown,  even  under  normal  operating  voltage. 

High-Potential  and  High-Frequency  Tests 
Our  line  insulators  used  a  number  of  years  ago  consisted  of 
many  different  types,  no  one  type  having  been  standardized. 
The  old  insulators  not  only  spilled  over  during  trouble  but  also 
became  punctured  frequently.  The  insulator  creepage  surface 
was  then  increased  and  the  insulators  tested  with  high-poten- 
tial 60-cycle  current,  but  without  satisfactory  results. 

About  two  years  ago,  we  started  testing  with  high-frequency 
and  were  soon  convinced  from  the  results  obtained  that  the 
insulators  were  not  capable  of  standing  this  test.  Various  types 
of  insulators  were  then  experimented  upon  and  a  design  finally 
adopted  having  a  ratio  of  puncture  to  flash-over  of  about  2  to  1. 
Now,  every  insulator  before  being  placed  in  stock  or  used  on 
the  lines  is  given  a  15-second  high-frequency  test.  Although 
these  insulators  are  previously  tested  at  60-cycles,  about  2  per 
cent  fail  to  pass  the  high-frequency  test. 

Generator  Bus  Connection  Scheme 
Station  capacities  have  increased  so  rapidly  in  the  last  few 
years  that  the  bus  arrangement  has  become  a  matter  of  vital 
importance  in  the  protection  of  both  apparatus  and  service. 
The  ideal  arrangement  is  one  that  secures  the  greatest  amount  of 
protection  to  the  apparatus,  and  at  the  same  time  localizes  and 
minimizes  the  effect  of  trouble. 

Two  years  ago,  before  beginning  work  on  the  new  Essex 
power  station,  a  thorough  study  was  made  of  various  bus  schemes 
and  after  analyzing  those  used  by  the  large  power  plants  of  this 
country,  it  was  decided  that  none  of  them  would  be  satisfactory. 
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insulator  does  not  obtain  in  most  insulator  tests,  as  the  designs 
are  usually  such  that  the  puncture  voltages  are  much  higher 
than  the  flash-over  voltages.  This  should,  in  general,  be  the 
case,  when  the  high-frequency  test  becomes  useful. 

The  high-frequency  test  has  ver\'  important  uses  and  also 
limitations.  Its  most  important  use  is  to  locate  cracks  and 
flaws  in  insulators.  It  will  not  detect  moistiu^e  as  readily  as 
the  GO-cycle  test. 

All  of  the  tests  in  general  use  are  devised  for  locating  faults 
after  they  occur;  they  are  successfully  used  for  this  purpose. 
There  is  much  need  of  tests  for  anticipating  deterioration  at 
the  factory  in  order  to  eliminate  the  great  expense  of  testing 
and  changing  insulators  after  a  year  or  so  of  service.  The  so- 
called  deterioration  of  porcelain  is  due  to  two  main  causes — 
gradual  absorption  of  moisture  by  poms  porcelain,  and  gradual 
cracking  due  to  mechanical  stress  of  poor  design,  cement,  firing, 
etc.  Failures  often  result  only  after  several  years  of  service. 
There  is  no  volatge  test  in  use  at  present  that  w411  anticipate 
in  the  factory  conditions  which  will  later  cause  failure  on  the 
lines  by  absorption  and  cracking.  Such  conditions  may  be 
anticipated,  not  by  high  voltage,  but  by  absorption  tests,  and 
such  mechanical  tests  as  expansion  and  contraction,  etc. 

E.  E.  F.  Creighton:  I  am  going  to  agree  immediately  with 
Mr.  Peek  on  one  point  and  get  it  out  of  the  way,  and  that  is 
that  there  is  no  electrical  test  known  today  that  will  eliminate 
all  defective  porcelain.  Porcelains  are  porous  from  about  1  per 
cent  down  to  perhaps  0.005  of  1  per  cent,  as  far  as  we  have 
been  able  to  measure.  We  have  not  yet  connected  up  the  re- 
lation between  the  test  and  the  porosity,  but  we  have  this  one 
very  useful,  practical  result,  that  the  test  with  the  high-fre- 
quency oscillator  in  the  factory,  where  the  porcelains  come 
directly  from  the  furnace,  and  where  the  oscillator  is  specially 
fitted  for  the  test,  eliminates  on  the  average  about  8  per  cent 
more  porcelains  than  the  60-cycle  test. 

The  man  who  wants  to  use  the  insulators  is  interested  in 
getting  the  very  last  bad  one  out.  The  oscillator  does  not, 
apparently,  take  all  the  bad  ones  out.  There  are  some  of  very 
small  porosity  which  may  or  may  not  develop  later  on  into  poor 
insulators  by  absorbing  moisture  from  the  cement.  But,  at 
any  rate,  we  can  say  that  the  application  of  the  high  frequency 
from  the  oscillator  is  one  step  better  than  the  60-cycle  test. 
We  hope  to  find  some  suitable  way  before  long  of  eliminating 
i%       the  bad  insulators  immediately  after  manufacture. 

In  regard  to  the  other  point,  the  relation  of  the  60-cycle 
test  to  the  high-frequency  test,  as  regards  the  damage  possible 
to  insulators.  Taking  up  the  illustration  that  Mr.  Peek  gave, 
of  an  insulator  which  is  just  about  to  fail  on  the  test  voltage. 
In  the  case  of  the  60-cycle  test  voltage,  the  flash-over  takes  place 
in  the  insulator  at  about  100  kilovolts,  the  average  is  in  that 
neighborhood.     If  the  strength  of  the  insulator  is  a  little  bit- 
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group  buses;  for  instance,  the  twenty  feeders  on  group  buses  A 
and  B  can  all  be  connected  to  group  bus  A  or  group  bus  B  or 
part  to  each  group  by  twos. 

The  maximum  flexibility  in  operation  is  obtained  due  to  the 
fact  that  each  generator  may  be  connected  directly  to  any  part 
or  parts  of  the  load  desired. 

The  generators  are  connected  to  a  loop  tie  bus  through  tie 
bus  reactances  and  can  be  operated  in  parallel  at  all  times,  if 

desired. 

Exciter  Connection  Scheme 

The  exciter  connections  are  fully  as  important  as  the  main 
a-c.  bus  connections,  inasmuch  as  the  maintenance  of  the  a-c. 
generator  voltage  depends  upon  the  reliability  of  the  excitation. 
In  order  to  secure  a  dependable  excitation  service,  several 
sources  of  supply  should  be  available.  The  bus  should  be  so 
arranged  that  a  failure  of  one  source  cannot  affect  the  others, 
except  through  its  effect  momentarily  on  the  main  bus  voltage. 
The  ultimate  exciter  system  that  will  be  adopted  in  the  Essex 
station  is  clearly  shown  in  Fig.  3. 

Each  generator  has  a  direct-connected  exciter,  three  spare 
exciters  and  a  battery  being  available  for  emergency  use.  Each 
source  of  excitation  has  its  individual  bus.  In  case  of  voltage 
failure  of  one  of  the  ^ect-connected  exciters,  a  low-voltage 
relay  instantly  closes  the  battery  breaker,  thus  connecting  the 
battery  to  the  affected  exciter  circtiit.  Immediately  after,  the 
breaker  of  the  exciter  in  trouble  opens,  due  to  reverse  current.  An 
emergency  exciter  may  then  be  started  up  and  paralleled  with 
the  battery  and  the  battery  disconnected  and  left  ready  for 
emergency  service  again. 

■  A  contact-making  voltmeter  is  provided  for  maintaining  the 
exciter  battery  voltage  automatically  at  operating  value  at 
every  instant. 

Reactors 

Bus  Tie  Reactors,  At  the  present  time,  generators  of  such 
large  capacity  are  being  used  that  it  is  necessary  to  protect  them 
from  the  effects  of  disastrous  short  circuits  by  means  of  internal 
or  external  reactance.  Where  several  generators  are  operated  in 
parallel,it  is  essential  that  bus-tie  or  bus-section  reactors  be  used 
in  order  to  prevent  the  combined  capacity  of  all  the  generators 
from  feeding  into  any  one  point  of  short  circuit.  Bus-section 
reactors  will  limit  the  current  on  any  one  section  but  take  up 
valuable  space  in  the  bus,  complicate  the  connections,  and  in 
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Temperature  rise 
Ability  to  stand  short  circuits 
Freedom  from  inflammable  material. 

The  use  of  tie-bus  reactors  has  none  of  the   disadvantages 
of  the   bus-section  reactors,  and   does   limit   the   amount   of 
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short-circuit  current  on  any  one  section  to  any  value  desired, 
depending  upon  the  amount  of  reactance  used.  For  this  reason, 
tie-bus  reactors  will  be  used,  connected  as  shown  in  Fig.  4. 
The  curves  in  this  figure  show  the  effect  of  tie-bus  reactance 
on  short-circuit  currents;  assuming  that  short  circuits  occur  at 
the  points  G,  K  and  M,     The  per  cent  tie-bus  reactance   per 
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glor\-  and  grandeur.  I  have  seen  beauty  that  will  give  the  world 
new  standards  of  art  and  a  joy  in  loveliness  never  before  reached. 
This  is  what  I  have  seen — the  courts  and  buildings  of  the  Panama- 
Pacific  Exposition  illuminated  at  night/' 

The  illumination  of  the  Exposition  was  based  on  developments 
of  the  science  of  lighting,  and  reprc-sents  results  of  personal 
experience  in  this  field  extending  over  a  period  of  twenty  years. 

The  lighting  for  the  Exjxjsition  was  completely  designed  in  the 
latter  part  of  1912  and  ever>-  feature  was  carefully  calculated, 
as  there  was  practically  no  opj^jrtunity  for  trial,  owing  to  the 
radical  nature  of  the  scheme  and  scope.  The  buildings  of  pre- 
vious expositions  had  in  the  main  been  used  as  a  background 
upon  which  to  display  lamps.  The  art  of  incandescent  out- 
lining, notably  the  beautiful  effects  obtained  at  the  Pan-Ameri- 
can Exposition  at  Buffalo,  could  probably  not  be  improved 
upon,  and  furthennore,  this  form  of  lighting  had  been  extended 
to  amusement  parks  throughout  the  world  and  had  become 
common];lace.  Its  princij^al  disadvantages  were  the  diminution 
of  artistic  effectiveness  at  close  range,  similarity  in  effects  from 
different  view-points,  the  supjjression  or  complete  obliteration 
of  architectural  features,  and  the  economic  necessity  of  extensive 
untreated  surfaces.  Furtherm(jre,  the  glare  from  so  many  ex- 
posed sounes  when  assemh>]ed  on  white  or  light-colored  buildings, 
caused  severe  eye  strain. 

The  lighting  scheme  and  scoj^e  of  the  Panama-Pacific  Inter- 
national Exjjosition  called  for  a  radical  departure  from  previous 
j)ractise.  Incandescent  outlining  on  the  main  group  of  palaces 
was  avoided,  and  screened  or  masked  flf)od  and  relief  lighting  to 
jjrorluce  the  third  dimension  or  dej^th,  substituted,  and  great 
care  was  exerciserl  to  j^reserve  the  architectural  features  and 
color,  with  proj)er  relative  intensities.  For  the  first  time  at  an 
international  ex]K)sition,  the  illuminating  sources,  whether  arcs, 
incandescent  or  gas.  l(;st  their  identity  as  such.  While  a  uniform 
system  was  maintained  throughout,  each  court  possessed  its 
individual  characteristics  with  radical  differences,  and  at  the 
same  time  the  transition  fnmi  one  effect  to  another  was  har- 
monious, even  to  the  extent  of  an  intermediate  step  or  carnival 
effect  on  the  Avenue  of  Progress  connecting  the  Zone  and  the 
main  groujj  of  palaces. 

During  the  pre-exposition  period,  there  were  many  who  main- 
tained that  the  general  public  would  not  be  attracted  except  by 
the  glare  of  exposed  brilliant  sources.     The  lighting  of  the  Ex- 
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tional  5  per  cent  reactance  between  the  unaflfected  tie  feeders 
and  the  faulty  one.  As  anticipated,  this  arrangement  gave  the 
very  best  selective  action  of  our  relays  in  case  of  trouble. 

About  one  year  after  the  installation  of  the  reactance  coils, 
the  tabulated  records  of  failures  on  tie  feeders  showed  that  in- 
stead of  being  faults  to  ground  as  formerly,  they  were  in  most 
cases,  short  circuits.  Shortly  after  this,  five  sets  of  alumintun 
cell  arresters  were  installed  2.5  miles  (4  km.)  from  the  City 
Dock  station  at  the  point  where  the  underground  cables  con- 
nected to  the  aerial  lines,  with  a  hope  of  relieving  the  local 
potentials  in  the  cables,  but  satisfactory  results  have  not  been 
obtained  up  to  the  present  time. 

By  a  comparison  with  the  25-cycle  system,  where  no  reactors 
are  used  on  the  feeders,  it  seems  evident  that  the  change  in  the 
nature  of  the  faults  on  the  60-cycle  system  might  surely  be 
attributed  to  some  unknown  result  of  the  combination  of  the 
inductance  of  the  reactor  and  the  distributed  capacitance  of  the 
cable.  To  overcome  rises  of  potential  at  the  terminals  of  the 
concentrated  inductance  in  the  reactors,  aluminum  arresters  were 
installed  on  the  buses,  which,  with  the  arresters  already  installed 
on  the  feeders,  placed  protectioti  on  each  side  of  the  reactance. 
Even  with  this  protection,  all  the  sources  of  trouble  have  not 
been  reached,  £is  indicated  by  the  continued  failures  of  cables, 
and  two  cases  of  internal  failure  of  reactors  which  might  properly 
be  attributed  to  a  local  rise  of  voltage  internally  in  the  reactor. 

It  is  evident  that  these  troubles  are  of  a  deeper  nature  than 
would  appear  on  the  surface  and  we  are  laying  plans  to  make  a 
further  study  of  the  surges  both  from  the  standpoint  of  local- 
ization of  potential  and  natural  frequency. 

It  seems  proper  to  attribute  these  troubles  to  siu^ges.  If  the 
troubles  were  due  to  weak  insulation,  they  should  occur  as  fre- 
quently on  the  25-cycle  system  as  on  the  60-cycle  system,  which, 
as  already  recorded,  is  not  the  case. 

Relays 

During  the  early  days  of  the  electrical  industry  more  attention 
was  given  to  the  protection  of  apparatus  than  to  maintenance 
of  service  and  therefore,  the  aim  of  the  operating  man  was  to 
remove  the  short  circuit  as  quickly  as  possible. 

In  short,  the  old  idea  of  protection  was  one  of  adjusting  relays 
and  circuit  breakers  to  protect  apparatus  against  overloads. 
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ExFKjsition  period  was  121,913,500  cu.  ft.  (3,452.590 cu.m'.  Of 
this  amount  only  25.101,496,  cu.  ft.  (710.S74cu.  m.)  wasusedby 
the  Ex[xjsition  Company,  the  remainder  being  sold  to  exhibitors 
and  concessionaires. 

In  order  to  obtain  a  harmonious  illumination  scheme,  it  was 
necessar>-  to  visualize  the  li^htin^  as  a  whole,  and  to  establish 
illumination  and  color  values  for  ever\'  part  of  the  Exposition 
before  definite  specifications  for  lij;hting  equipm.ent  could  be 
made.  The  preliminary  tests  and  calculations  on  lighting  units 
that  had  been  selected  for  use  at  the  Exposition  were  made  at 
the  Illuminating  Engineering  Laboratory-.  The  work  of  calcula- 
tion was  greatly  shortened  and  simplified  by  the  use  of  various 
graphical  charts,  one  of  which,  an  ilium. i nation  chart,  is  descri^-ed 
by  Mr.  Frank  A.  Benford,  Jr..  in  the  Transactions  of  the 
Illuminating  Engineering  Society*.  The  lighting  units  were  all 
new  developments,  in  many  cases  used  in  new  ways.  This 
necessitated  a  va^t  amount  of  preliminary  investii:ation  which 
usually  took  the  form  (»:  calculations  of  the  illumination  on  the 
grounds,  facades  an<l  towers.  From  these  calculated  values  it 
was  possible  to  determine  if  the  selected  lighting  units  were  o: 
the  right  size  and  were  properly  arranged  on  the  preliminary- 
plans.  As  soon  as  any  particular  phase  of  the  lighting  -T-ij? 
fully  decided  upon,  the  illumxination  and  lum.inous  flux  viliics 
were  calculated  in  all  their  m.inute  details,  so  that  long  btf:t^ 
the  Exposition  oj.ened  there  were  on  hand  complete  sets  c£ 
illum.ination  dia.;rams  for  all  the  various  courts,  buildint:s  and 
towers.  Som.e  of  these  diagrams  are  illustrated  by  FiiCS.  7.  S. 
16,  20  and  23,  which  are  referred  to  later. 

The  principal  features  of  the  lighting  are  described  under 
their  respective  headings  and  illustrated  by  the  accompan\-ing 
plates. 

Luminous  Efects  in  Toiler  Illumifiaiion.  This  illumination 
ccjnsisted  in  flood-lighting  the  towers  with  a  white  rising  light 
which  created  shadows.  The  shadows  were  in  turn  illuminated 
by  concealed  colored  light  on  the  various  stages,  thereby  pro- 
ducing detail  in  sha«iow.  This  combination  gave  the  structures 
a  lum.inous  etTect  never  before  obtained.  These  towers  further 
illustrated  the  preser\-ation  of  depth,  or  the  third  dimension 
in  light,  which  feature  predominated  throughout  the  Exposition. 
The  Tower  of  Jewels  was  flood -lighted  by  batteries  of  arc  pro- 
jectors located  on  the  n^ofs  of  the  main  group  of  palaces,  the 

•Vol.  VII,  page  69.5.  1912. 
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Fig.  2 — Breaking  Up  of  Incident  Light  Passing  Through  Novagem 
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Fig  3 — Spectra  Produced  by  Single  Beam  of  Light 


Fig.  3A — Increased  Spectra  Due  to  Use  of  Mirror 
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With  these  isolating  transformers  the  disturbance  of  an  acci- 
dental arcing  ground  on  one  section  is  confined  entirely  to  that 
section,  and  still  power  is  transmitted  without  interference  to 
and  from  all  other  sections  as  under  normal  conditions. 

On  each  section  where  an  accidental  arcing  ground  takes 
place  the  proper  protective  devices  should  be  used  to  protect 
from  abnormal  voltages.  The  arcing  ground  suppressor  has 
been  recommended  and  used.  It  is  not  the  object  of  this  article 
to  treat  these  details  but  simply  to  record  the  successful  use  of 
the  isolating  transformer  which  limits  the  disturbances  to  one 
part  of  a  large  system. 
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The  Electric-Steam  Color  Scintillator.  The  scintillator  consisted 
of  combining  searchlights  in  systematic  drill  in  colored  and  white 
beams  with  smoke  and  steam,  so  as  to  produce  spectacular 


36  Projectors, 


ft  c  tt  a  a  ffi  «  ffi  a 


Fig  4 — Electric  Color  Scintillator 


effects  or  firelcss  fireworks,  both  aerial  and  on  the  ground,  pos- 
sessing artistic  color  combinations  and  blendings  impossible  with 
ordinary  fireworks.  This  was  further  enhanced  by  the  running 
of  a  large  express  locomotive  at  high  speed  under  brake  so  as  to 


Fig.  5  —  Cross  Section  of  Electric  Color  Scintillator 


produce  large  volumes  of  smoke  and  steam  which  were  illuminated 
in  color.  Other  steam  effects  were  in  the  form  of  fans,  plumes, 
wheels,  fighting  serpents,  etc.  This  battery  was  composed  of 
48  36-in.    (914-mm.)    hand-controlled    arc    projectors.     They 
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ground  suppressor  in  avoiding  interference — gives  hope  that 
this  interference  may  be  eliminated  in  the  future.  There  were 
cases  of  interference  where  the  telephone  girls  received  very 
bad  shocks  from  the  heavy  grounds  that  were  induced  in  the 
telephone  line,  and  we  were  looking  for  some  method  of  avoid- 
ing them. 

The  greatest  cause  of  interference  and  the  widest  spread  of 
interference  between  power  lines  and  telephone  lines  is  due  to 
electromagnetic  induction.  Electrostatic  induction  is  very  bad 
in  the  case  of  a  telephone  line  being  near  the  power  line,  for 
example,  if  it  is  placed  underneath  or  on  the  same  pole  with  the 
power  circuit.  However,  by  placing  the  telephone  line  on  ad- 
jacent right  of  way,  the  electrostatic  troubles  are  reduced  to  a 
negligible  value  which  the  telephone  company  can  take  care  of 
without  trouble.  When,  however,  we  take  into  account  the 
electromagnetic  troubles,  it  becomes  almost  impossible  to  pre- 
vent interference.  Take  this  one  case  of  the  Public  Service 
Electric  Company  where  the  grounding  current  for  the  total 
system  is  only  60  amperes.  The  radius  or  distance  over  which 
60  amperes  will  influence  the  parallel  telephone  lines  is  rather 
small.  By  grounding  the  neutral,  however,  that  60  amperes  is 
turned  into  several  thousand  amperes,  and  the  distance  over 
which  the  electromagnetic  force  will  influence  the  telephone 
lines  is  greatly  increased. 

One  of  the  strongest  factors  in  maintaining  a  non-grounded 
neutral  system  is  by  the  use  of  the  arcing  ground  suppressor, 
and  if  Mr.  Osgood  should  speak  on  the  subject,  he  could  tell  you 
a  lot  concerning  the  studies  which  they  have  made  relative  to 
the  interference,  and  the  conclusions  they  have  come  to  regarding 
the  use  of  the  non-grounded  neutral. 

The  suspension  insulator  problem  is  one  which  will  probably 
not  be  solved  for  some  time  to  come.  I  wish  I  had  the  time  to 
note  the  relations  of  these  big  corporations  to  the  solution  of 
the  problem.  In  the  case  of  the  Commonwealth  Edison  Com- 
pany it  takes  a  broad  spirit  to  come  to  the  conclusion  that 
Mr.  Roper  gives  in  his  paper — that  with  all  the  work  that  was 
done,  that  with  all  the  thousands  of  dollars  that  were  spent,  the 
direct  gain  in  the  saving  of  dollars  and  cents  was  nil.  The 
whole  thing  turns  on  the  point  that  it  gives  better  service.  In 
the  same  way  with  regard  to  the  investigations  of  the  Public 
Service  Corporation  of  New  Jersey — the  service  has  stood  above 
everything  else. 

When  we  come  to  the  insulator  problem,  we  have  a  ntmiber 
of  comparatively  small  companies  building  insulators  and  redu- 
cing the  price  of  the  insulators  at  a  time  when  a  big  corporation 
would  have  increased  the  price  and  put  the  difference  into  ex- 
perimental work.  There  is  no  saving  today  in  having  a  cheap 
insulator.  If  the  cost  of  the  insulator  could  be  increased  fifty 
per  cent,  and  it  would  do  away  with  the  line  troubles,  it  would  be 
a  great  saving  to  the  transmission  engineer,  but  it  seems  impos- 
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expose  the  source  or  become  self-destructive  by  whipping.  As 
a  matter  of  further  interest,  the  history  of  California  and  the 
Pacific  ocean  was  written  in  the  designs  on  the  three-,  five-  and 
seven-light  banners,  by  the  use  of  the  heraldic  shields  of  the 
early  explorers  and  pioneers.     The  banner  standards  were  used 
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for  flood-lighting  the  Court  of  the  Four  Seasons,  the  Palace  of 
Horticulture,  Festival  Hall,  all  palaces  fronting  on  the  Avenue 
of  Progress,  and  the  central  group  on  the  Avenue  of  Palms. 

The  three  isolux  diagrams  shown  in  Fig.  7  give  the  foot- 
candle  values  obtained  in  preliminary  calculation^  for  the  illu- 
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duty  also  devolves  upon  them,  the  duty  of  giving  satisfaction 
to  all. 

Then  also  comes  in  the  problem  of  not  interfering  with  other 
lines,  with  the  telephone,  etc.,  and  in  taking  all  those  precautions 
that  will  safeguard  life  and  at  the  same  time  give  maximum 
reliability,  in  short,  a  conception  of  organizing  the  system  so 
that  it  will  be  a  benefit  to  all  and  a  harm  to  none.  That  is  the 
fundamental  requirement  which  is  before  us,  and  which  must 
be  the  universal  conception  and  practise  before  we  can  expect 
electric  power  to  be  used  as  the  universal  agent  of  the  world's 
energy  supply. 

In  closing,  I  wish  to  add  only  one  feature  to  the  general  dis- 
cussion dealing  with  protective  devices,  provided  against  abnor- 
mal voltage,  abnormal  current,  abnormal  frequency,  etc.,  and 
that  is,  to  mention  a  further  protection  against  troubles  which  are 
encountered,  not  in  the  experience  with  those  systems  which  have 
been  considered  today,  but  rather  in  other  systems,  in  smaller 
systems,  where  economy  of  installation  has  predominated,  and 
economy  of  operation  has  followed.  The  troubles  to  which  I 
refer,  the  sources  of  many  mysterious  interferences  with  relia- 
bility, are  carelessness  and  dirt. 

A  switch  is  opened  by  some  assistant  operator  by  mistake, 
and  is  immediately  thrown  in  again,  before  this  is  noticed.  The 
synchronous  apparatus  has  fallen  out  of  step,  or  otherwise 
flashes  over,  and  a  mysterious  accident  has  to  be  investigated 
by  writing  theories  on  high  frequency,  etc.  Or  a  high-voltage 
switch  bushing,  gradually  becoming  covered  with  dust  and  dirt, 
is  located  near  a  window;  the  window  is  left  open  admitting 
moisture  laden  air,  which  condenses  on  the  dirt  and  a  flash-over 
results;  the  lightning  arrester  does  not  discharge,  and  the  trans- 
former is  burned  up  by  a  short  circuit.  Then  an  investigation 
shows  by  factory  test  that  it  requires  more  than  three  times 
normal  voltage  to  flash-over  that  bushing,  hence,  there  was  high 
voltage  present.  The  lightning  arrester  did  not  discharge,  al- 
though only  a  short  distance  away,  and  that  means  that  this 
high  voltage  was  of  such  extremely  high  frequency  as  not  to 
reach  and  discharge  from  the  lightning  arrester.  It  results  often 
in  a  general  lack  of  confidence  and  uneasiness  on  the  part  of  the 
operating  staff. 

Such  things  can  be  avoided  only  by  automatic  recording  de- 
vices which  would  have  shown  there  was  no  abnormal  voltage 
and  no  high  frequency  present,  that  the  accident  started  with 
a  short  circuit  at  the  bushing,  and  therefore  the  bushing  was  in 
such  condition  that  normal  voltage  and  normal  frequency  went 
over  it.  In  the  other  instance  that  I  mentioned,  the  automatic 
recording  device  showed  that  the  switch  was  opened  and  im- 
mediately thrown  in  again,  of  which  operation  there  was  no 
record  in  the  station  report. 

These  instances  illustrate  what  I  want  to  bring  out — I  do  not 
wish  to  say  there  are  no  such  things  as  high- frequency    dis- 
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culture,  such  as  revolving  bars,  rings  and  spots  in  astronomical 
movements  or  the  dissolving  of  colors  from  one  shade  or  tint  to 
another,  without  a  sharp  line  of  demarcation. 

It  consisted  primarily  of  a  battery  of  twelve  30-in.  (762-nmi.) 
arc  projectors,  arranged  around  a  central  structure  as  shown  in 
the  plan  view,  Fig.  10.  The  light  from  these  twelve  projectors 
passed  through  a  common  orifice  in  the  top  platform  of  the 
structure,  at  which  point  were  located  specially  cut  revolving 
interchangeable  lenses.  Before  passing  through  the  lenses  the 
projected  beams  of  light  were  intercepted  by  revolving  color 
screens  and  shadow  bars.  Each  one  of  these  units  was  operated 
by  an  individual  mechanism  and  independently  of  one  another, 
as  shown  by  the  photographic  and  elevational  view  in  Figs.  11 


Parabolic  Mirrcr 


and  12.  The  different  types  of  lenses  were  made  up  in  sets  of 
four  separate  quadrants  (Fig.  13),  which  permitted  the  use  of 
any  combination  of  lenses  desired  at  the  same  time.  With  this 
flexibility  of  lens  combinations,  together  with  the  interchangeable 
color  screens  and  shadow  bars,  it  was  possible  to  obtain  a  variety 
of  effects. 

N.  B.  The  glass  in  the  dome  of  the  Palace  of  Horticulture 
was  not  in  accordance  with  specifications.  The  results,  while 
generally  satisfactory,  could  not  come  up  to  anticipations,  due 
to  the  lack  of  sufficient  diffusion  in  the  glass. 

Indirect  Lighting  for  Large  Auditoriums.  This  lighting  is 
applicable  to  large  auditoriums  or  large  places  where  concealed 
lighting  is  desired,  but  where  the  dome  or  ceiling  construction 
does  not  pemiit  the  use  of  it.     The  system  consists  of  placing  a 
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battery  of  searchlights  beneath  the  main  floor  and  concentrating 
the  beams  on  a  diffusing  plate  in  a  central  screened  opening  for 
re-distribution  to  the  ceiling. 

This  was  demonstrated  by  the  installation  in  Festival  Hall 
before  the  building  was  converted  into  a  theater.  Twelve  18-in. 
(457-mm.)  projectors  were  used,  giving  a  combined  beam 
candle  power  of  approximately   114,000,000.     Inasmuch  as  a 


Fig.  10 — Plan      View      of      Electric      Kaleidoscope — Palace      ok 

Horticulture 


lar^e  city  sewer  ran  directly  underneath  the  center  of  t]:e  build- 
ing, it  was  necessary  to  locate  the  j)rojcctors  in  respect  to  it, 
as  shown  in  Figs.  14  and  15.  Fig.  16  shows  a  preliminary  cal- 
culated illumination  curve  for  the  ceiling  and  walls. 

Non-Glare  Art  Gallery  Illumination.  In  the  lighting  of  the 
Palace  of  Fine  Arts  a  system  was  designed  whereby  the  lami)s 
were  placed  above  the  skylight  and  around  the  perimeter.     By 
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^ N.I  /.  ^  suitable  angle  reflector  and  the  proper  dif- 

,  >v   »    ^»,\\t  general  distribution  was  obtained  on  the 
s.,.M'iv,vci.  cu\d  specular  reflection  was  further  reduced 


Lens  Rack 


Fi(i.    11 — Elkvation    of   Electric  Color  Kaleidoscope — Palace  of 

Horticulture 


by  the  use"of  shadow  curtains  on  the  under  side  of  the  skylight. 
For  economic  reasons  the  shadow  curtains  were  finally  omitted. 
This  system  of  lighting  has  considerable  advantage  over  the 


Fui.   13  -Lkns   Quadrants  for  Electric  Kaleidoscope — Palace  of 

Horticulture 


common  practise  of  distributing  lights  generally  over  the  sky- 
light, which  produces  strong  specular  reflection  and  also  gives 
^he  greatest  illumination  on  the  floor  in  the  center  of  the  room, 
ere  it  is  least  desired. 
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siilation.  the  60-cycle  reactance  factor  is  about  0.85.  The  usual 
values  of  reactance  factors  should  range  from  0.4  to  0,9  at  60  cycles, 
the  larger  cables  having  the  greater  factor.  For  all  practical  pur- 
poses it  is  evident  that  25-cycle  cables  can  be  considered  to  have 
zero  reactance.  These  curves  give  a  ready  means  of  determining 
the  values  of  end  reactance  to  use  for  any  desired  combination. 

The  differential  current  transformers  should  have  a  close 
balance  between  the  primary  windings,  an  allowable  ^  un- 
balance of  not  more  than  0.1  per  cent  being  a  desirable  amount, 
also  the  end  reactances  should  have  closely  similar  saturation 
curves  in  order  not  to  disturb  the  inherent  balance  between  the 
splits  at  all  current  values.  The  splits  are  transposed  in  present 
American  practise  near  the  middle  of  the  cable  only,  but  ad- 
ditional transpositions  may  be  made  to  keep  the  balance  between 
the  splits  within  0.1  per  cent.  This  value  is  not  difficult  to  obtain 
with  present  methods  of  cable  construction. 

The  importance  of  close  balance  is  evident  when  one  considers 
the  condition  of  a  through  fault  with  a  split-conductor  cable 
feeding  short-circuit  current  to  it.  The  value  of  this  current  may 
be  as  great  as  thirty  times  normal.  With  an  inherent  unbalance 
between  the  splits  of  0.1  per  cent  and  an  additive  unbalance  in 
the  differential  current  transformers  of  0.1  per  cent,  the  total 
unbalance  will  become  6  per  cent  with  thirty  times  normal  cur- 
rent flowing.  This  unbalance  naturally  must  be  a  safe  amount 
less  than  that  for  which  the  relay  will  operate,  in  order  to  prevent 
disconnection  of  the  cable. 

J.  T.  Lawson:  I  would  like  to  call  attention  to  the  table 
headed  "Classification  Troubles."  This  heading  is  incorrect  and 
should  read  ** Classification  of  Interruptions."  The  table  is  not 
a  classification  of  troubles  of  the  Public  Service  Electric 
Company,  but  a  list  of  the  interruptions  which  we  were  unable 
to  protect  against. 

Particular  attention  should  be  given  to  the  cable  failures. 
As  you  will  see.  the  cable  failures  in  1915  have  gone  up  and  these 
failures  include  those  mentioned  by  Mr.  Pollard;  namely,  the 
short  circuits  between  phases. 

Short  circuits  between  phases  in  our  system  up  to  this  time 
had  been  very  few  in  number,  most  of  the  failures  being  single- 
phase  grounds. 

The  failures  mentioned  occurred  on  a  certain  set  of  circuits 
used  as  tie  feeders  on  which  feeder  reactances  had  been  installed 
at  each  end. 

We  think  the  installation  of  feeder  reactances  at  each  end  of 
these  circuits  may  have  had  the  effect  of  confining  any  high-vol- 
tage condition  in  these  cables,  thus  causing  the  failure. 

Referring  to  Mr.  Creighton's  remarks  in  regard  to  interference 
of  telephone  systems  by  power  lines,  I  would  point  out  that  the 
interference  to  the  telephone  system  by  any  apparatus  which  we 
might  install  would  be  a  serious  problem  to  a  power  company. 
Almost  all  the  large  power  companies  have  load  dispatchers  or 
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High  Bay  Lighting,  For  the  illumination  of  high  bays,  large 
units,  singly  or  in  pairs,  were  placed  at  the  maximum  height 
in  special  reflectors  (Fig.  17),  designed  to  prevent  waste  illumi- 
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nation  on  vertical  surfaces  and  obtain  maximum  intensity  on 
the  floor  with  relatively  uniform  distribution,  and  al)sence  of 
spots.  The  main  buildings  of  the  Exi)Osition  were  lighted  in  this 
way,  using  only  onc-lcnth  watt  per  square  foot  with  the  mazda 
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B  lamps,  resulting  in  approximately  one-half  foot-candle  average 
illumination  for  lamp  heights,  in  some  cases  over  100  ft.  (30.5  m.) 
above  the  floor.  This  illumination  was  primarily  for  janitor  and 
police  service,  exhibitors  being  required  to  furnish  their  own 
lighting. 

**Life  Within^ ^  Effects.  At  previous  expositions  the  windows 
were  dark  at  night,  producing  a  gloomy  effect.  In  addition  to 
lighting  up  the  general  architecture  with  proper  relative  values 
of  illumination,  lights  were  placed  behind  the  windows  which 
had  been  glazed  with  diffusing  glassware,  having  a  good  daylight 
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Fk;.  1(5 — Interior  Surface  Illi  mination — Festival  Hall 

texture.  In  some  cases,  for  the  introduction  of  color,  the  diffu- 
sion was  increased  by  painting  the  glass.  The  general  effect  at 
night  was  of  festivity,  of  "life  within",  which  added  animation 
to  the  general  charm  of  the  Exposition,  particularly  when  viewed 
from  an  elevation. 

Lamps  for  window  lighting  ranged  in  size  from  60  to  250  watts, 
depending  upon  the  size  of  the  window  to  be  lighted.  The 
clerestory  windows  which  were  unpainted,  were  lighted  by  150- 
watt  lamps  dipped  in  orange  lacquer.  Practically  all  of  the 
entrance  windows  were  painted,  and  these  were  illuminated  by 
clear  lamps  in  sheet  tin  extensive  reflectors.  All  of  the  window 
lights,  with  the  exception  of  those  in  the  domes,  were  suspended 
QXi  drop  cords.     The  dome  windows  were  lighted  by  250-watt 
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lamps  in  anj2:le  reflectors  mounted  five  feet  to  the  rear  of  the 
windows. 

Combination  Fountain  and  Li f^ht  Sources.  The  original  foun- 
tains of  the  Rising  and  Setting  Sun,  in  the  Court  of  the  Universe, 
designed  by  McKim,  Mead  and  White, were  65  ft.  (20  m.)high.  In 
order  to  accommodate  the  lighting  the  architects  increased  the 
height  to  ai)proximately  95  ft.  (29  m.)  and  constructed  them 
as  shown  in  Fig.  18.  The  flutes  of  the  31 -ft.  (9.4-m,)  section 
beginning  at  a  point  37  ft.  (11.3  m.)  above  the  ground  surface, 
were  made  of  j-in.  (G.35-mm.)  thick  special  diffusing  glass, 
backed  up  by  a  secondary  sheet  of  sand-l)lasted  glass  to  eliminate 
structural  shadows.  By  arranging  96  1500-watt  mazda  lamps 
in  twelve  rows  of  eight  each,  this  section  of  the  fountain  became 
an  immense  candle  or  light  source  at  night.     To  dissipate  the 
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heat  generated  by  this  ])ank  of  lami)S,  consuming  144  kw.,  a 
5-h.]).  blower  was  installed  in  the  base  of  each  fountain  and 
created  a  forced  cooling  draft  which  was  discharged  from  air 
vents  at  the  base  of  the  ball  surmounting  the  shaft.  This  ball 
was  lighted  from  the  inside  by  eight  25()-watt  mazda  lamps. 
Notwithstanding  the  fact  that  the  96  lami)s  in  each  one  of  these 
fountains  had  a  combined  initial  spherical  candle  power  of 
ai)proximately  one  quarter  of  a  million,  the  intrinsic  brilliancy 
was  relatively  low  and  did  not  cause  disagreeable  eye  strain. 
The  horizontal  and  vertical  surfaces  illuminated  by  the  two 
fountains  were  a])pr()ximately  one-half  million  square  feet 
(46,450  sq.  m.). 

To  carry  out  the  night  effect  of  these  fountains,  the  figure 
surmounting  the  glass  ball  was  lighted  by  two  6-v()lt,  108-watt 
incandcvscent  spot-lights  located  on  the  roofs  of  the  adjoining 
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buildings.  The  sculptured  friezes  above  the  two  basins  were 
lighted  by  twenty-four  150-watt  lamps  in  weatherproof  solid 
body  angular  reflectors  submerged  in  each  basin  (Fig.  19).  The 
isolux  chart  in  Fig.  20  shows  the  initial  calculated  values  for  the 
Court  of  the  Universe  and  the  North  Approach.  The  isolux 
curves  shown  in  the  court  proper  were  calculated  from  the 


Fit..    IS       ICl.KVATION   OI     FoiNTAlN    IN   THK  CoiKT  OK  THE   UMVEKSE 


initial  candle  power  values  of  the  loOO-watt  lamps  in  the  foun- 
tains. Suhseciucntly,  for  economic  reasons,  the  illumination 
was  reduced  by  lowering  the  voltage  on  the  lamps  in  order  to 
lengthen  their  life.  The  approach  to  this  court  was  lighted  by 
sixteen  l.')()()-\vatt  lain])S,  installed  in  a  shell  design  type  of 
standard.      These   standards    were    located    on    the   balustrade 
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surrounding  the  central  pool  and  flood-lighted  the  building 
facade,  the  promenade  receiving  most  of  the  light  by  reflection 
from  the  large  columns  and  the  overhanging  cornice. 

Relief  Wall  Lighting  by  Concealed  Sources.  The  practise  of 
past  expositions  has  been  to  place  exposed  lamps  on  the  rear  of 
the  columns  to  light  the  back  walls.  This  resulted  in  lines  of 
light  being  visible  from  almost  any  point  of  view,  which  de- 
tracted from  the  appearance  of  the  columns. 

In  the  lighting  of  the  colonnades  in  the  Court  of  the  Universe 
and  the  Court  of  the  Four  Seasons,  three  column  cups  were  sunk 
into  the  central  flute  in  the  rear  of  each  column,  in  the  case  of 
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Fi(..    19  -Cross  Section  of  Angi  lak  Wi-athrr-Puoofi:!)  Rfflkctor 


the  fomier,  and  on  the  center  line  of  the  plain  columns  in  the 
latter  case.  These  column  cups  were  of  pressed  opal  glass  and 
embedded  in  the  columns  (F'ig.  21)  and  spaced  10,  22  and  34 
ft.  (3.05,  6.7  and  10.4  m.),  respectively,  above  the  floor  level 
of  the  colonnade.  Fig.  22  shows  the  distribution  character- 
istics of  this  type  of  cup  with  a  150- watt  clear  mazda  lamp. 
The  walls  were  illuminated  with  a  rising  light  resulting  in  a  total 
absence  of  specular  reflection  and  an  average  illumination  on  the 
wall  surface  of  aj^proximately  4  foot-candles.  The  illumination 
curve  (Fig.  23)  shows  the  values  obtained  on  a  vertical  line 
directly  back  of  one  of  the  columns  and  curve  a-a,  Fig.  20,  shows 
the  calculated  illumination  on  a  horizontal  line  along  the  wall 
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surface  6  ft.  (183  cm.)  above  the  floor  level.  While  the  column 
cups  were  invisible  from  any  part  of  the  court  proper,  when 
viewed  from  the  rear  of  the  colonnade  they  appeared  like  great 
drops  of  molten  metal,  producing  an  unusual  effect. 

The  Creation  of  Mystery  in  the  Lighting  of  Open  Courts.  In 
designing  the  Court  of  Abundance,  the  architect  wished  to  im- 
press as  far  as  possible  a  feeling  of  mystery,  or  something  carrying 
the  mind  down  through  the  ages.    This  effect  was  strengthened 


Fir..  21 — Cross  Section  of  (\)LrMN  Ci  p 


by    a    harmonious    blending   of    illumination    by    searchlights, 
incandescent  lights,  gas  flambeaux  and  illuminated  steam. 

The  general  illumination  of  this  court  came  from  three  sources: 
the  snow  crystal  standards,  the  cloister  lanterns  and  the  gas 
flambeaux.  The  snow  crystal  standard,  or  as  it  was  sometimes 
called,  the  "sunburst"  (because  of  the  design  suggestion),  con- 
tained over  600  15-watt  round  globe  orange-dipped  incandescent 
lamps.  There  were  two  of  these  standards  in  the  main  court 
and  four  in  the  north  approach  to  this  court.  On  either  side  and 
at  the  spring  line  of  each  cloister  arch  there  was  suspended  a 
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Gothic  lantern  with  orange  glass  panels.  In  addition  to  lighting 
the  cloister  and  the  adjacent  gardens  these  lanterns  were  es- 
pecially valuable  for  their  decorativeness.  The  gas  flambeaux 
were  formed  by  four  rising  serpents  hissing  fire  into  a  flaming 
caldron.  There  were  six  of  these  located  in  the  court  proper  and 
sixteen  in  the  north  approach  to  the  court. 

The  additional  ''effect"  lighting  came  from  the  boiling  steam- 
electric  caldrons  flanking  the  east  and  west  entrances,  the  steam- 
electric  torches  of  the  organ  tower,  the  flood  and  relief  lighting 
of  this  tower  and  the  illuminated  steam  issuing  from  the  ball  of 
the  central  fountain.    The  steam  used  in  producing  these  effects 
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was  delivered  by  a  15-h.p.  gas-fired  boiler  located  in  the  base  of 
the  organ  tower.  The  color  tone  of  the  court  at  night  ranged 
from  orange  to  rose  red. 

Flood  and  Relief  Lighting  to  Obtain  Artistic  Reflections.  In 
order  to  create  reflections  of  unusual  beauty,  especially  in  the 
illumination  of  the  Palace  of  Fine  Arts,  banks  of  searchlights 
with  diverging  doors  of  varying  degrees,  designed  to  meet  the 
requirements,  were  used  to  flood-light  the  building,  producing 
what  might  popularly  be  called  ''triple  moonlight'*.  This  was 
supplemented  by  concealed  yellow  incandescent  light  in  the 
soffits  of  the  cornices  to  the  rear  of  the  columns,  thereby  pro- 
viding three  effects:    flood  lighting,  relief  lighting,  or  the  com 
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sulator.  The  total  labor  cost  of  testing  and  replacing  bad 
insulators  on  the  line  was  therefore  16.9  cents  per  insulator  of 
the  total  number  or  $1.73  per  bad  insulator.  This  does  not 
cover  the  cost  of  new  insulators.  If  it  had  been  necessary  to 
pay  for  new  insulators,  the  total  cost  per  bad  insulator  would 
have  been  three  times  the  original  cost. 

These  insulators  were  in  use  less  than  three  years,  having 
been  installed  in  the  early  part  of  1913,  put  into  operation  in 
May,  1913,  and  tested  in  the  latter  part  of  1915. 

A  recent  inquiry  made  from  an  insulator  manufacttiring 
company  brought  out  the  fact  that  they  would  add  4  cents  per 
disk  to  the  price  of  the  insulators  in  order  to  cover  the  cost  to 
them  of  putting  their  insulators  through  a  high-frequency  test 
before  shipment.  If  such  a  test  would  have  taken  out  the  insu- 
lators that  have  failed  during  the  first  2.5  years  of  operation,  it 
would  appear  that  4  cents  additional  in  the  initial  price  would 
have  been  a  good  investment,  since  the  cost  of  testing  and  re- 
placing bad  insulators  has  amounted  to  16.9  cents  per  disk  on 
the  line. 

Another  section  of  line  of  about  the  same  length  upon  which 
insulators  of  a  different  design  had  been  installed,  was  tested  at 
a  cost  of  7.3  cents  per  insulator,  which  is  slightly  less  than  the 
cost  per  insulator  in  the  first  case.  Due  to  the  fact  that  both  cir- 
ctiits  were  tested  at  the  same  time,  each  tower  had  to  be  climbed 
but  once.  The  insulators  in  this  second  case  showed  less  than 
one  per  cent  of  failures  and,  on  this  account,  it  was  not  consid- 
ered necessary  to  replace  the  bad  insulators,  since  there  was  no 
case  in  which  more  than  one  bad  insulator  occurred  in  one  string. 

LABORATORY  TESTS 

To  get  definite  information  regarding  the  nature  of  the  faults 
in  the  insulators  they  were  shipped  to  a  laboratory  where  the 
following  tests  were  made  with  the  co-operation  of  Mr.  E.  E.  F. 
Creighton  and  Mr.  P.  E.  Hosegood. 

The  total  number  of  insulators  selected  was  40.  Thirty-five  of 
these  were  taken  from  the  line  and  five  were  new  insulators. 
Twenty-one  measured  below  10  megohms,  eight  measured  22  to 
52  megohms,  one  measured  220  megohms,  five  from  the  line 
measured  infinity,  and  the  five  new  insulators  measured  infinity, 
making  up  the  total  of  40. 

Test  L  Eleven  of  the  insulators  which  meggered  below  10 
megohms  had  60-cycle  voltage  gradually  applied  to  them  until 
they  punctured.     Not  one  of  them  reached  flash-over  value. 


788  HUNT:  SUSPENSION  INSULATORS  [June  28 

The  voltage  was  ver>'  gradually  raised  and  the  lowest  puncture 
voltage  was  22  kv.,  the  highest  was  52  W.,  and  the  average  of 
the  11  was  39  kv. 

TVs/  2,  Seven  of  the  insulators  which  measured  between  22 
and  52  megohms  and  the  one  measuring  220  megohms  had  arc- 
over  voltage  applied  to  them  until  they  punctured.  Four  of 
them  punctured  immediately,  2  of  them  ptmctured  in  one 
second,  one  in  four  seconds,  and  one  in  thirty  seconds.  There  is 
no  relation  between  the  megger  readings  and  the  time  of  puncture. 

Test  J,  In  this  test  a  constant  voltage  far  below  the  arc-over 
value  was  applied  until  puncture  occurred.  Seven  insulators 
measuring  below  10  megohms  were  tested.  The  first  five  had 
applied  to  them  20  kv.  They  punctured  in  from  one  to  thirty 
seconds.  Two  more  were  tested  at  15  kv.,  one  puncturing  in 
one  second,  the  other  in  six  seconds.  There  is  no  consistency 
between  the  puncture  voltage  and  the  megger  readings  as  suffi- 
ciently illustrated  by  the  last  test.  In  this  test  one  of  the  insu- 
lators measured  three  megohms  and  the  other  below  one  megohm, 
but  the  higher  resistance  insulator  took  one  second  to  puncture 
whereas  the  other  insulator  with  lower  resistance  took  six  seconds 
to  puncture. 

Tesl  4.  Spark-over  voltage  of  60  cycles  was  applied  to  the 
10  insulators  which  measured  infinity.  Three  of  these  puncttued 
in  less  than  45  seconds.    This  is  30  per  cent  loss  on  60  cycles. 

Test  5.  The  remaining  seven  insulators  which  had  shown 
O.K.  on  a  minute's  test  on  60  cycles  at  flash-over  voltage,  were 
next  tested  on  the  oscillator  using  a  frequency  of  approximately 
200,000  cycles  per  second.  Flash-over  voltage  only  was  applied. 
Two  of  the  seven  punctured  in  less  than  one  minute.  This  is 
again  about  30  per  cent  of  the  insulators  that  were  left.  The 
remaining  five  withstood  super-spark  potential  of  120  kv.  for 
10  seconds  each. 

Conclusions,  The  results  of  these  tests  are  similar  to  others 
that  have  been  made  and  show,  first,  that  insulators  which 
measure  very  low  will  fail  almost  immediately  on  a  60-cycle 
test  voltage,  much  less  than  spark-over  value.  Insulators  with 
medium  high  resistance  may  reach  flash-over  value  of  potential 
and  will  puncture  within  a  minute.  Insulators  of  infinite  megger 
reading  may  have  faults  developed  by  the  arc-over  potential 
within  one  minute's  application.  After  the  faulty  insulators 
have  been  eliminated  by  the  60-cycle  test,  still  further  faults 
are  found  by  the  oscillator. 
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rets,  flags  and  other  features  where  concentration  and  high  in- 
tensity were  necessary. 

Mazda  lam])s,  in  all  sizes  from  10  to  1500  watts,  were  employed 
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general!)'  throii<^hoiit  the  Exposition,  especially  where  space  was 
limited,  where  warm,  normal  tones  were  required  and  flexibility 
was  of  fundamental  imp.ortance. 

Hi<^h-pressure  ^^as  li<;htin<,'  j)layed  an  important  part  in  street 
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Fig.  6  shows  similar  curves  for  another  type  of  ungraded  unit. 
In  this  the  internal  capacity  has  a  higher  ratio  to  the  external 
capacities.  On  this  account  the  distribution  of  voltage  is  appre- 
ciably better,  although  far  from  ideal. 

Fig-  7  gives  the  resxilt  of  grading  the  type  of  unit  used  in  the 
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units  numbered  from  une  end 
Fig.  7 

1 — Voltage  across  each  unit  in  per  cent  of  that  across  one  nearest  line 
2 — Id«al  distribution  of  voltage  to  ground  along  string 
3 — Distribution  of  voltage  to  ground  along  string 


tests  of  Fig.  6.  In  this  case  the  three  units  next  to  the  line  had 
the  largest  conducting  disks,  and  a  high  internal  capacity.  The 
next  five  units  had  a  somewhat  smaller  capacity.  The  last 
seven  units  had  no  coatings.  Instead  of  uniform  curves,  the 
result  is  a  broken  line  formed  by  joining  the  curves  due  to  each 
group.     Comparing  this  with  Fig.  6,  a  great  improvement  is 
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Fig.  40— Night  View  West  Entrance  to  Zone 
In  addition  to  the  concessionaires'  usual  outline  lighting,  the  exposition 
company  maintained  a  combination  system  consisting  of  five-light  Hum- 
phrey gas  arcs  in  ornamental  lanterns  and  in  pairs  tied  together  by  an  arch 
of  Mazda  lamps  with  star-shaped  triple  reflectors  supporting  red  ribbon 
festoons. 
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position,  however,  immediately  disproved  this  theory  and  a 
Strong  psychological  appeal  was  made  by  the  highly  artistic 
lighting  eflFects. 

During  the  period  elapsing  between  the  Louisiana  Purchase 
Exposition  and  the  Panama-Pacific  International  Exposition, 
wonderful  advances  had  been  made  in  the  efficiencies  of  all 
types  of  lighting  units.  This  made  it  possible  to  illuminate  in 
the  main  group  of  buildings,  approximately  8,000,000  sq.  ft. 
(743,200  sq.  m.)  of  horizontal  and  vertical  surfaces  to  an  illumi- 
nation ranging  from  1/10  to  1/4  of  a  foot-candle  in  the  incidental 
gardens  and  roadways,  from  1/4  to  3  foot -candles  in  the  building 
facades  and  adjacent  lawns  and  gardens,  and  from  5  to  15  foot- 
candles  on  the  towers,  flags  and  sculptural  groups.  The  lighting 
load  on  the  main  group  of  buildings,  including  the  window  Hght- 
ing  and  the  scintillator,  was  approximately  5000  kw.  The  total 
connected  load  for  all  purposes,  including  Zone,  Foreign  and 
State  sections  and  exhibitors,  for  light  and  power,  was  13,954 
kw.,  with  a  maximum  peak  of  8200  kw.  and  an  average  peak  of 
7880  kw.  During  the  Exposition  period  of  approximately  ten 
months,  a  total  of  16,057,790  kw-hr.  was  purchased  from  the 
Pacific  Gas  and  Electric  Company.  Of  this  amount,  5,582,906 
kw-hr.  were  sold  to  exhibitors  and  concessionaires,  the  remaining 
10,474,884  kw-hr.  being  used  by  the  Exposition. 

While  the  lighting  of  the  Exposition  was  primarily  electric, 
all  modem  sources  of  intrinsic  merit  were  used,  and  a  number  of 
excellent  gas  features  were  introduced.  About  four  miles  of 
streets  in  the  Foreign  and  State  sections  were  illuminated  with 
Penn  globe  high-pressure  gas  ''  arcs,"  in  20-in.  (508-mm.) 
opal  globes  mounted  with  their  centers  about  16  ft.  (4.9  m.) 
above  the  roadways  on  ornamental  poles  spaced  approximately 
100  ft.  (30.5  m.)  apart,  staggered.  The  same  type  of  lamp  was 
used  for  emergency  lighting  on  the  kiosks  throughout  the  grounds. 
Five-mantle  Humphrey  gas  *'arcs"  enclosed  with  ornamental 
lanterns  were  used  in  pairs  on  the  standards  in  the  Zone  (amuse- 
ment section)  and  the  same  type  of  lamp,  of  smaller  sizes, 
furnished  emergency  lighting  at  the  gates  and  important  exits 
from  the  main  group  of  buildings.  Gas  flambeaux  were  intro- 
duced in  the  effects  in  the  Court  of  Abundance  and  the  North 
Approach.  The  total  gas  flow  for  the  purposes  mentioned  was 
approximately  15,000  cu.  ft.  (425  cu.  m.)  per  hour.  The 
average  amount  of  gas  consumed  daily  at  the  Exposition  for 
all  purposes  was  486,550  cu.  ft.  (13,780  cu.  m.).  The  total 
amount   purchased   by   the   Exposition   Company    during   the 
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Fig  3 — Spectra  Produced  by  Single  Beam  of  Light 


Fig.  3A — Increased  Spectra  Due  to  Use  of  Mirror 
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Fig.  46 — ^A  Section  of  Court  of  Abundance 
Showing  the  organ  tower  and  Aitken  fountain,  with  steam  caldrons  and 
fiery  serpent  flambeaux — In  addition  to  the  happy  effect  of  the  orange 
colored  cloister  lanterns,  the  flaring  gas  and  ruby  steam  caldrons  and  torches 
on  the  tower  did  much  to  heighten  the  feeling  of  mystery  in  this  Court  at 
night. 
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were  operated  at  nominal  110  volts,  110  amperes,  and  with  the 
resistance  consumed  a  total  of  581  kw.  The  beam  candle  power 
of  each  was  approximately  55,000,000,  or  an  aggregate  of  2,640,- 
000,000  for  the  battery.  With  the  equipment  of  each  pro- 
jector was  a  set  of  seven  colored  gelatine  screens,  treated  with 
spar  varnish  and  turpentine  as  a  protection  against  moisture. 

TJiese  searchlights  were  located  on  the  double  deck  pier  on 
the  north  breakwater  of  the  yacht  harbor  (Fig.  4),  which  was 
constructed  as  shown  by  the  cross-section  drawing  (Fig.  5). 
Part  of  the  space  below  the  upper  deck  was  used  for  housing  the 
color  screens,  resistance  boxes  and  distribution  system,  as  well 
as  a  250-kw.  motor-generator  set  (see  photographs)  which  sup- 
plied part  of  the  power  for  the  projectors.  The  remainder  of 
the  power  necessary  was  taken  from  a  1000-kw.  set  located  in 
the  Palace  of  Liberal  Arts. 

The  locomotive,  steam  apparatus  and  fireworks  mortars  were 
located  on  the  south  breakwater  of  the  yacht  harbor  (Fig.  6). 
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LocomottM^       ChrofMticWhMi  RgMng  SeoMnts 

Fig.  6 — Steam  Section  of  Electric  Steam  Color  Scintillator 

In  addition  to  supplying  the  various  steam  effects  such  as  plumes, 
chromatic  wheels,  fairy  feathers,  etc.,  this  locomotive,  which  was 
a  modem  Southern  Pacific  oil-burning  passenger  type,  was 
blocked  up  and  locked  so  that  the  wheels  could  be  driven  at  a 
speed  of  60  miles  (97  km.)  per  hour  under  brake.  Thus 
great  volumes  of  steam  and  smoke  were  produced,  which,  when 
illiminated  with  various  colors,  created  a  wonderful  spectacle. 

Banner  and  Cartouche  Lighting  Standards,  The  banner  stand- 
ards consisted  primarily  of  anywhere  from  two  to  nine  orna- 
mental luminous  arcs  mounted  on  25-  to  55-ft.  (17-  to  7.6-m.) 
shafts,  the  lamps  being  screened  by  banners  in  such  a  way  that 
they  flood-lighted  the  buildings,  lawns,  trees  and  shrubbery,  and 
at  the  same  time,  the  direct  source  was  not  visible  in  the  main 
vistas.  These  banners,  which  formed  decorations  by  day  and 
beautiful  spots  of  color  by  night,  were  hung  so  that  they  moved 
in  the  wind,  adding  action  to  the  effect.  At  the  same  time,  they 
were  weighted  and  guided  in  such  a  manner  that  they  did  not 
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Fig.  48-  Cusp  Column  Lights — Colonnade— Court  of  Universe 
These  lights  were  used  for  illuminating  the  walls  and  ceiling  at  the  rear 
of  the  colonnade  and  they  incidentally  suggested  a  rain  of  fire — This  method 
made  it  possible  to  obtain  the  illumination  without  having  the  source  exposed 
to  view  at  any  position  in  the  main  court 
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surrounding  the  central  pool  and  flood-lighted  the  building 
facade,  the  promenade  receiving  most  of  the  light  by  reflection 
from  the  large  columns  and  the  overhanging  cornice. 

Relief  Wall  Lighting  by  Concealed  Sources.  The  practise  of 
past  expositions  has  been  to  place  exposed  lamps  on  the  rear  of 
the  columns  to  light  the  back  walls.  This  resulted  in  lines  of 
light  being  visible  from  almost  any  point  of  view,  which  de- 
tracted from  the  appearance  of  the  columns. 

In  the  lighting  of  the  colonnades  in  the  Court  of  the  Universe 
and  the  Court  of  the  Four  Seasons,  three  column  cups  were  sunk 
into  the  central  flute  in  the  rear  of  each  column,  in  the  case  of 


Weatherproof  Mmture 


Weatherproor  ioint 


Fig.   19 — Cross  Section  of  Angular  Weather-Proofed  Reflector 


the  former,  and  on  the  center  line  of  the  plain  columns  in  the 
latter  case.  These  column  cups  were  of  pressed  opal  glass  and 
embedded  in  the  columns  (Fig.  21)  and  spaced  10,  22  and  34 
ft.  (3.05,  6.7  and  10.4  m.),  respectively,  above  the  floor  level 
of  the  colonnade.  Fig.  22  shows  the  distribution  character- 
istics of  this  type  of  cup  with  a  150-watt  clear  mazda  lamp. 
The  walls  were  illuminated  with  a  rising  light  resulting  in  a  total 
absence  of  specular  reflection  and  an  average  illumination  on  the 
wall  surface  of  approximately  4  foot-candles.  The  illvunination 
curve  (Fig.  23)  shows  the  values  obtained  on  a  vertical  line 
directly  back  of  one  of  the  columns  and  curve  a-a,  Fig.  20,  shows 
the  calculated  illumination  on  a  horizontal  line  along  the  wall 
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Fig.  66 — ^Tower  of  Jewels 

This  tower  was  436  feet  high  and  was  decorated  with  102,000  Novagem 
Jewels — the  tower  was  flood  lighted  with  search-lights  and  the  shadows 
were  illuminated  with  rose  red  light 
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Fig  59 — Peristyle  Palace  of  Fine  Arts— South  Wing 
A  remarkable  night  picture 
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